(19) 



J 



Europaisches Patentaml 
European Patent Office 
Office curopeen des brevets 



(11) 



EP 1 054 005 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

22.11.2000 Bulletin 2000/47 

(21) Apptication number: 99902829.3 

(22) Date of filing: 04,02.1999 



(51) \nic\7: C07D 241/08, A61K 31/495. 

C07D 401/12, C07D 401/14, 
C07D 403/12, C07D 403/10, 
C07D 405/12, C07D 405/14, 
C07D 409/10. C07D 409/12 

(86) International application number: 
PCT/JP99/00470 

(87) International publication number 

WO 99/40075 (12.08.1999 Gazette 1999/32) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES F! FR GB GR IE FT LI LU 
MCNLPTSE 

(30) Priority: 05.02.1998 JP 2463398 
09.11.1998 JP 31720598 

(71) Applicant: 

Takeda Chemical Industries, Ltd. 
Osaka-shl. Osaka 541-0045 (JP) 

(72) Inventors: 

• TAWADA, HIroyukI 
Takatsuki-shI, Osaka 569-1032 (JP) 



• rrOH, Fumlo 

Toyonaka-shi, Osaka 560-0882 (JP) 

• BANNO, Hirosht 
Ikeda-shVOsaka 563-0029 (JP) 

• TERASHITA, Zen-lchl 
Toyonaka-shl, Osaka 565-0085 (JP) 

(74) Representative: H all « Marina 
Elkinglon and Rfe 
Prospect House, 
8 Pembroke Road 
Sevenoaks, Kent TN13 1XR (GB) 



(54) SULFONAMIDE DERIVATIVES, PROCESS FOR PRODUCING THE SAME AND UTILIZATION 
THEREOF 

(57) The present invention is to provide a compound or a salt thereof represented by the fomiula: 
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-Y-X-Z 



wherein is an optionally substituted hydrocarbon group or an optionally substituted heterocyclic group, the ring A is 
an optionally substituted divalent nitrogen-containing heterocyclic group. X' is an optionally substituted alkylene chain, 
Y is an optionally substituted divalent cyclic group. X is a chemical bond or an optionally substituted alkylene chain, and 
T- 2 is (1 )an optionally substituted amino group (2) an optionally substituted imidoyl group or (3) an optionally substituted 
< nitrogen-containing heterocyclic group, or a pro-drug thereof, which have activated coagulation factor X tnhibitorv activ- 
1^ ity and which is useful as anti-coagulant. 
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Description 

Tfi ^hnical Field 



[00011 The present Invention relates to novel sulfonamide derivafives which are useful as a medicine and which 
Inhibit activated coagulation factor X (FXa) to show anti-coagulant activity, their production and use. 



Rark qround Art 

,0 fO0O21 For the purpose oi the prevention and treatment of cardiac infarction, cerebral thrombosis, etc.. it is Impor- 
K inhibit forrT,Btio^n of thrombus and various researches and developments of thrombus '"•^'^rt"- -'^^^^ 
hrombin agents platelet aggregation inhibitors, etc. are carried out. However, ant.thrombin agents as weH as p atelet 
aggregation inhibJo.. have side'etfect such as bleeding and problems in their satety. On the other hand. FXa .nh.b-tors 
specifically inhibit coagulation factor and are useful as an anti-coagulant 

,s ro0031 So far compounds having FXa Inhibitory activity are disdosed in e.g. Japanese Unexamined Patent PublW 
Sno. 1995 i^r)-n2970. JapaLe Unexamined Patent Publfcation No. 1993 (H5)-208946. WO 96/16940. WO 

lo<^r '^o^eJarmeTovrcompounds having FXa inhibitory actN,«y do not have sufficient FXa Inhibftory actWity 
ana in particular, not show sufficient action when oralV administered, therefore, they are not practically useful as a 

20 medicine. 

pjc:dQSure of Invention 

[0005] The present invention is to provide novel sulfonamide derivatives which specifically inhibit w^ch are 
25 effective when orally administered and which is useful as a safe medicine for the prevention (prophylaxis) or treatment 
(theraov^ of diseases caused by thrombus or infarction. .u. ■ • « 

S The present inventors diligently made extensive studies and. as a result, they succeeded in synthesizing a 
compound or a salt thereof [hereinafter, referred to as Compound (I)], whose characteristic feature ,n the chemical 
structure lies in having (1 ) an oxo group on the ring A and (2) an optional^ substituted amino group. ^" ^« 
00 stituted imidoyl group or an optionally substituted nitrogen-containing heterocyclic group at the end of a substituent on 
the ring A. represented by the formula (1): 



35 



RL^-S^5_/7t— X'-Y-X-Z (I) 



45 



wherein R' is an optionally substituted hydrocarbon group or an optionally substituted heterocycic group; the ring A is 
an optionally substituted divalent nitrogen-containing heterocyclic group; X' is a chemical bond or an optona ty substi- 
tuted alkylene chain; Y is an optionally substituted divalent cyclic group; X is a chemical bond or an optionally substi- 
tuted alkylene chain; and Z Is (1) an optionally substituted amino group. (2) an optionally substituted imidoy. gwup or 
(3) an optionally substituted nitrogen-containing heterocyclic group; or a salt thereof, and further found that the com- 
pound (1) unexpectedly possesses potent FXa inhibitory activity based on "its specific chemical structure and that the 
compound (l)can be safely and orally administered as a medicine for the prevention or treatment of diseases such as 
thrombus and infarction. Based on the finding, the present invention was accomplished. 
[0007] IWIore specifically, the present invention relates to 

(1) the Compound (I) or a salt thereof; 

(2) a pro-drug of the Compound (I) or a salt thereof; 

(3) a compound of the above (1) wherein as an optionally substituted hydrocarbon group; 

(4) a compound of the above (1 ) wherein R' as an optionally substituted heterocyclic group; 

(5) a compound of the above (1) wherein R' as an aryl group optionally substituted with a halogen atom or 03.4 

a"compound of the above (1) wherein R' is a benzcpyranyl group optionally substituted with a halogen atom; 
(7) a compound of the above (I) wherein the ring A is 
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wherein n is 1 or 2, and m is 2 or 3; 

(8) a compound of the above (1) wherein X" is an optionally substituted alkylene chain which may be substituted 
with 1 -3 substltuents selected from an optionally substituted lower alkyi group, an optionally substrtuted carbamoyl 
group, cyano group, hydroxy group and an optionally esterified caiboxyl group: 

(9) a compound of the above (1 ) wherein Y is an optionally substituted divalent cyclic hydrocarbon group, and Z is 
an optionally substituted amino group or an optionally substituted imidoyi group; 

< 1 0) a compound of the above (1 ) wherein Y is an optionally substituted divalent heterocyclic group; 

(1 1) a compound of the above (1) wherein Y is an optionally substituted divalent heterocycfic group, and Z is an 
optionally substituted nitrogen-containing heterocyclic group; 

(12) a compound of the above (1) wherein Y Is an optionally substituted phenylene; 

(13) a compound of the above (1) wherein Y is an optionally substituted pipendine; 

(14) a compound of the above (1) wherein Z is an optionally substituted amidino group; 

15) a compound of the above (1) wherein Z is an optionally substituted nitrogen-containing heterocyclic group: 
1 6 A compound selected from the class consisting of 1 -(4-amidincbenzyl)-4-(6-chloronaphthanIene-2-sulfonyl)-2- 
piperazinone. i-(4-amidinobenzyl)-4-(7-chloro-2H-benzopyran-3-sulfbnyO-2-piperazinone, 4-(6<hloronaphthan- 
lene-2-sulfonyl)-1-t1-(4-pyridyl)plpertdin-4-ylmethyll-2-plperarlnone, 4-(7-chloro-2H-benzopyran-3-suKonyl)-1-{1- 
(4-pyridyl)piperidin-4-ylmethyll-2-plperazinone. i-ii-(4-pyridyl)piperidin-4-ylmethylH-(4-v.nylbenzenesulfonyl)-2- 
piperazinone. 4-(6-chloronaphthanlene-2-sulfonyl)-1-[4-hydroxy-1-(4-pyridyOpiperidin-4-ylmethy(]-2-p,perazinone, 
4-(7-chloro-2H-benzopyran-3-sulfonyl)-l-[4-hydroxy-1 .(4-pyridyl)plperidln-4-ylmethyll-2-plperazlnone and 1 -[4- 
hydroxy-1 -(4-pyridyl)piperidin-4-ylmethyl]-4-(4- vinylbenzenesulfonyl)-2-piperazinone or a salt thereof, 

(1 7) a pro-drug of the compound as described in the above (1 6) or a salt thereof; 

(1 8) a pharmaceutical composition comprising the compound (1) of the above (1) or a salt thereof; 

(19) a composition of the above (IB) which is an anti-coagulant: 

(20) a composition of the above (1 8) which is an inhibitor of activated coagulation factor X; 

(21) a composition of the above (IB) which is for the prevention or treatment of cardiac Infarction, cerebral throm- 
bosis or deep vein thrombosis; 

(22) use of the compound (I) of the above (1 ) or a salt thereof for manufacturing an anti-coagulant; 

(23) use of the compound (I) of the above (1 ) or a salt thereof for manufacturing a pharmaceutical composition for 
inhibiting activated coagulation factor X; 

(24) use of the compound (I) of the above (1) or a salt thereof for manufacturing a pharmaceutical composition for 
the prevention or treatment of cardiac Infarction, cerebral thrombosis or deep vein thrombosis; 

(25) a method for inhibiting coagulation in a mammal which comprises administering an effective amount of the 
compound (I) of the above (1) or a salt thereof; ^ . . 

(26) a method for InhibHing activated coagulation factor X in a mammal which compnses administenng an effective 
amount of the compound (I) of the above (1 ) or a salt thereof; 

(27) a method for preventing or treating cardiac infarction, cerebral thrombosis or deep vein thrombosis In a mam- 
mal which comprises administering an effective amount of the compound (I) of the above (1) or a salt thereof; 

(28) A method for producing Compound (I) as described In the above (1 ) or a salt thereof by reacting Compound 
(II) or a salt thereof represented by the formula: R^S02Q (11) 

wherein Q is a halogen atom, and the other symbol is as defined in the above (1) 
with Compound (111) or a salt thereof represented by the formula: 
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,0 

hiTa fj— X'- 



-Y-X-Z (III) 



wherein each symbol is as defined in the above (1); or 

producing Compound (I) as described in the above (1 ) or a salt thereof by reacting Compound (IV) or a salt thereof 
represented by the tonmula: 



rl9?s2^ a (IV) 




wherein each symbol is as defined in the above (1 ) with Compound (V) or a salt thereof represented by the formula: 

Q^-X'-Y-X-Z (V) 

wherein Q' is a halogen atom or a group of the fomdula; R2-S02-0-{wherein is a lower alkyi group optionally 
substituted with a halogen atom or an optionally substituted phenyl group), and the other symbols are as defined 

in the above (1); or , ^ .u . 

producing Compound (la) as described in the above (1) or a salt thereof represented by the formula: 




wherein each symbol is as defined above by subjecting Compound (X) or a.salt thereof represented by the formula: 

^X3— Y-X-Z 



wherein and are respectively an optionally substituted alkylene chain. is a chemical bond or an optionally 
substituted alkylene chain. is a hydrogen atom or an optionally substituted hydrocarbon group, Q is a halogen 
atom or a group of the formula: R^-SOj-O- (wherein R^ Is a lower alkyi group optionally substituted with a halogen 
atom or an optionally substituted phenyl group), and the other symbols are as defined in the above (1) to ring do- 
sure reaction; or 

producing Compound (lb) as described in the above (1) or a salt thereof represented by the formula: 
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(lb) 



N— X6— Y-X-Z 



wherein a combination of a broken line and a full line is a single bond or a double bond, and the other symbols are 
as defined above by subjecting Compound (XIII) or a salt thereof represented by the formula: 



rLJ^s^H— X5— CON^ 



.X6— Y-X-Z 
^CH,CH(0R5) , 



(XIII) 



wherein is an optionally substituted alkylene chain. is a chemical bond or an optionally substituted alkylene 
chain, r5 is a lower alkyi group, and the other symbols are as defined in the above (1) to ring closure reaction, and 
if desired. 

subjecting the obtained product to reduction; or 

producing Compound (la) or a salt thereof represented by the formula: 



V,^j^\cH X3— Y-X-Z (la) 

l?3 



wherein each symbol Is as defined above 

by subjecting Compound (Vl) or a sait thereof represented by the formula: 

rLO^S^H— X^-NH^ (VI) 



wherein is an optionally substituted alkylene chain, and the other symbols are as defined in the above (1) and 
Compound (VII) or a salt thereof represented by the formula: 

r3-{C=0)-X3-Y-X-2 (V") 

wherein X^ is a chemical bond or an optionally substituted alkylene chain. is a hydrogen atom or an optionally 

substituted hydrocarbon group, and the other symbols are as defined in the above (l) 

to reductive amination to produce Compound (VIII) or a salt thereof represented by the formula: 
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\Y3 Y- 



(VIII) 



X3— Y-X-Z 



wherein each symbol is as defined above, and . . u .u . i„. 

reacting the obtained Compound (VIII) or a salt thereof with Compound (IX) represented by the formula. 

q2.X''-CO0H l'^) 

wherein X" Is an optional^ substituted alkylene chain. is a halogen atom or a group of the fomiula: R'-SOj-O- 
rwhe^^ r4 a lower alJyl group optionally substituted with a halogen atom or an optionally subst«uted phenyl 
gmurt and the other symbols arenas defined above or a salt thereof or its reactive derivative to produce Compound 

(X) or a satt thereof represented by the formuta: 

.cc^-x*— 



wherein each symbol is as defined above, 

which is subiected to ring-closure reaction ; or . . . . ^ 

producing Compound (lb) or a salt thereof by reacting Compound (XI) or a saltthereof or .ts reactive denvafve rep- 

resented by the formula: 

r!_05s^H— X5— COOH (XI) 

Wherein X^ is an optionally substituted alkylene chain, and the other symbols are as defined in the above (1) 
with Compound (XII) or a salt thereof represented by the formula: 

Z.x-Y-X*-NHCH2CH(OR*)2 (X") 

wherein X^ is A chemical bond or an optionally substituted alkylene chain. is a lower alkyi group, and the other 
symbols are as defined in the above (1) to produce Compound (XIII) or a salt thereof represented by the fomiula. 

n n /X6— Y-X-Z 

R— S^^^-m— X5— CON<r /V, , I) 



wherein each synnbol is as defined above, and 

subjecting the obtained Compound (XIII) or a salt thereof to ring-closure reaction with an ac.d to produce Com- 
pound (XIV) or a saltthereof represented by the formula: 
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(XIV) 



wherein each symbol is as defined above, and, if desired, reducing a double bond of the obtained Compound (XIV) 

JroVu^g Compold (i) as described in the above (1 ) or a sa« thereof by reacting Compound (XX) or a sal, thereof 
represented by the tormula: 

^^^^^^(^—t—'iW (XX) 

wherein each symbol is as defined in the above (1) 

with Compound (XXI) or a salt thereof represented by the formula: 

Z-X^-Q^ 

wherein X' is a chemical bond or an optionally substituted alkylene chain. Q^^ is a halogen atom or a group of ttie 
fo^mu la R« S0,-0- (wherein R« is a lower alkyl group optionally substrtuted wrth a halogen atom or an op,^"«^ 
TurstTuted phe^ group), and the other symbol is as defined in the above (1): or producing Compound (XXV) or a 
salt thereof represented by the formula: 



R- 



.0 



x'--Y--x— z' 



(XXV) 



wherein Z' is an optionally substituted amidino group, and the other symbols are as defined above 
by reacting Compound (XXII) or a salt thereof represented by the fonnula: 



.1 o^e^^o 



-r^AN— X'— -Y-— X-— €N 



(XXII) 



wherein each symbol is as defined In the above (1) ^ 
with Compound (XXIII) or a salt thereof represented by the formula: R OH 
wherein is a lower alky I group 

to produce Compound (XXIV) or a saK thereof represented by the formula: 
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rLAs^^I^^TV- X'— Y— X-cf^ _ (XXIV) 



wherein each symbol is as defined above, and 

reacting the obtained Compound (XXIV) or a salt thereof with an amine, etc. 

[0008J In the above formula, Is an optionally substituted hydrocarbon group or an optionally substituted hetero- 
cyclic group. , 
[0009J Examples of the hydrocarbon group in the -optionally substituted hydrocarbon group represented by R 
includes an aliphatic hydrocarbon group, an alicycnc hydrocarbon group, an aryl group, etc. Among others, an aryl 
group, etc. is preferable. 

[0010] Examples of the -aliphatic hydrocarbon group- exemplified by the hydrocarbon group include e.g. a straight- 
chain or branched aliphatic hydrocarbon group such as an alky! group, an alkenyl group, an alkynyl group, etc. 
[0011] Examples of the alkyi group include e.g. Ci,,o a'ky' group (preferably Cve alkyl. etc.). etc. such as methyl, 
ethyl n-propyl, isopropyl, n-butyl. isobutyl, sec-butyl, tert-butyl. n-pentyl. isopentyl. neopentyl, 1-methylpropyl, n-hexyl. 
isohexyU,1-dimethylbutyl,2.2-dimethyIbutyI.3.3-dimethyibutyl. 3.3-dimethylpropy1. 2.ethylbutyl, nheptyl. 1-methylhep- 
tyl, 1-ethylhexyl. n-octyl, 1-methyI-heptyl. nonyl, etc. 

[0012] Examples of the alkenyl group include e.g. Cg.e alkenyl group, etc. such as vinyl, allyl. isopropenyl. 2-fnethyl- 
allyl 1-propenyI. 2-methyl-1 -propenyl. 1-butenyl, 2-butenyl. 3-butenyl. 2-ethyl-1-butenyl. 2-methyl-2-butenyl. 3-methyl- 

2- butenyl. 1-pentenyl, 2-pentenyl, 3-pentenyI. 4-pentenyl. 4-methyl-3-pentenyl. l-hexenyl, 2-hexenyl. 3-hexenyl, 4-hex- 
enyl, 5-hexenyl. etc. 

[0013] Examples of the alkynyl group include e.g. Cg^ alkynyl group such as ethynyl. 1-propynyl. 2-propynyl. 1- 
butynyl. 2-butynyl. 3-butynyl. 1-pentynyL 2-pentynyl. 3-pentynyl, A-pentynyl. 1-hexyntl. 2-hexyntt, 3-hexyntI. 4-hexyntl. 
5-hexyntl. etc. 

[0014] Examples of the 'alicyclic hydrocarbon group" exemplified by the hydrocarbon group include e.g. a saturated 
or unsaturated alicyclic hydrocarbon group such as a cycloalkyi group, a cycloalkenyl group, a cycloalkanedienyl group, 
etc. 

[0015] Examples of the -cycloalkyi group" include e.g. C3.9 cycloalkyi, etc. such as cyclopropyl. cyclobutyl. 
cyclopentyt. cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, etc. 

[0016] Examples of the "cycloalkenyl group' include e.g. C3.6 cycloalkenyl group, etc, such as 2-cyclopenten-1 -yl. 

3- cyclopenten-l-yl, 2-cyclohexen-l-y!. 3-cyciohexen-1-yl, 1-cyclobuten-1-yl. l-cyclopenten-l-yl. etc. 

[0017] Examples of the "cycloalkanedienyl group" include e.g. C^s cycloalkanedienyl group, etc. such as 2.4-cyclo- 
pentadien-1-yI, 2.4-cyclohexadien-1 -yl. 2.5-cyclo-hexadien-1-yl, etc. 

[0018] Examples of the "aryl group" exemplified by the hydrocarbon group include e.g. a monocyclic or fused aro- 
matic hydrocarbon group. Among others. 0^.14 aryl group, etc. such as phenyl, naphthyl, anthryl. phenathryl, acenaph- 
thyl, etc. is preferable. In particular, phenyl, 1 -naphthyl, 2-naphthyl. etc. are preferable. ^ 
[001 9J Examples of the heterocyclic group in the -optionally substituted heterocyclic group" represented by R 
include e.g. an aromatic heterocyclic group, saturated or unsaturated non-aromatic heterocyclic group {alicyclic hetero- 
cyclic group) etc.. which contains, besides carbon atoms, at least one hetero-atom (preferably 1 to 4 hetero-atoms, 
more preferably 1 to 2 hetero-atoms)consisting of 1 to 3 kinds of hetero-atoms (preferably 1 to 2 kinds of hetero-atonr^s) 
selected from oxygen atom, sulfur atom, nitrogen atom, etc, 

[0020] Examples of the "aromatic heterocyclic group" Include an aromatic monocyclk: heterocyclic group such as 
5- to 6-membered aromatic monocyclic heterocyclic group, etc. (e.g. furyl. thienyl. pyn-olyl, oxazolyl. isooxazolyl. thia- 
zolyl Isothiazolyl. imidazolyl. pyrazotyl. 1.2.3-oxadiazolyl. 1,2.4-oxadiazolyl. 1 .3.4-oxadlazolyl. furazanyl. 1 ,2.3-thiadia- 
zolyl. 1.2.4-thiadiazolyl, 1 ,3,4-thiadiazolyl, 1 .2.3-triazotyl, 1 .2.4-triazolyl. tetrazolyl. pyridyl. pyridazinyl. pyrimtdinyl. 
pyrazinyl. triazinyl, etc.); an aromatic fused heterocyclk: group such as 8- to 12-membered aromatic fused heterocyclic 
group (preferably. heterocycRc group consisting of the above-mentioned 5- or 6-membered aromatic monocyclic hete- 
rocyclic group fused wrth a benzene ring or heterocyclic group consisting of the above-mentioned 5- or 6-membered 
aromatic monocyclic heterocycOc group fused with the same or different above-mentioned 5- or 6-membered aromatic 
monocycric heterocyclic group), etc. (e.g. benzofuranyl. isobenzofuranyl. benzo[b]thienyl. indolyl. isolndolyl. IH-inda- 
zolyl. benzindazolyl. benzoxazolyl, 1 .2-benzoisooxazolyl. benzothiazolyl. benzopyranyl. 1 ,2-benzoisothiazolyl. IH-ben- 
totriazolyl. quinolyl. isoquinolyl, cinnolinyl. quinazotinyl. quinoxannyl. phthalazinyl. naphthyridinyl, purinyl. pteridinyl. 
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carbazclyl. a-carbolinyl. p-cart^olinyl. T^arbolinyl. acridioyl. phenoxazmyl. phenoth.az.ny phenazlnyl phenoxath nyl. 
'hianthren;i. phenanthricf.nyl. phenantt,rolinyl. indolizinyl. pyrrolo(1 .2-fe)pyridaz.nyl. pyr^olo(l .S-alj^ndy , ■'nidazo[1.2- 
aipyridyl, fmidazolLS-alpyridyl. imidazo[1 .2-b)pyridazinyl. imidazo[1 .2-fllpyrimid.nyl. 1 .2.4-tne20lo(4.3-alpyndyl. 1.2.4- 
triazolo[4.3-b]pyridazinyl. etc.); etc. 
s r00211 Examples of the -non-aromatic heterocyclic group' Include a 3- to B-membered (preferably 5- or 6-mem- 
bered saturated or unsaturated (preferably saturated) non-aromatic heterocyclic group (altoyclic heterocychc group , 
etc such as oxiranyl. azetidinyl. oxeUnyl, ihiethanyl. pyn-olidinyl. tetrahydrofuryl. th.olanyl. pipendyt. tetrahydropy-anyl, 
morpholinyl, thiomorpholinyl. piperazinyl. etc., or non-aromatic heterocyclic group where.n a part or all of the double 
bonds in the above-rrientioned aromatic monocyclic heterocyclic group or aromatic fused heterocyclic group are satu- 
10 rated etc. such as 1.2.3.4.tetrahydroquinolyl.1.2.3.4-tetrahydroisoquinolyl. etc. ^ . ^ 

S Example^ ^f the substituent of the 'optionally substituted hydrocarbon group' and 'optionally substituted 
heterocyclic group' represented by include an optional^ substituted allcyl group, an optionally substituted alkeny 
?n option^ substHuted alkynyl group, an optionally substituted aiyl group, an optionally substituted eye oalky^ 
rcycloalSyl group, an optionally substituted heterocyclic group, an optionally substituted amino group^ an optionally 
subSuSd im'idoyi gmup (e'g. a group of the formula: -C(U>N.U wherein U and U- are independently a ^^^^^to- 
or a substituent (U I preferably a hydrogen atom), etc.). an optional^ substituted am.dino group (e.g. a group of the 
"orrnu^ C(Nrr-)=N-T wherein T. T and V are independently a hydrogen atom or a substituent (T P^^'f^" ^ « 
hydrogen atom), etc.). an optionally substituted hydroxyl group, an optionally substituted thiol group, an optionally ester- 
med cafeoxyl gr^up. an op'o^al^, substituted carbamoyl group, an optional^ substrtuted th.ocarbamoyl 9roup. a halo- 
gen atom (e g fluorine, chlorine, bromine, iodine, etc.. preferably chlorine, bromine, etc.). a cyano group, a nitro group, 
an acyl group derived fnjm a sulfonic acid, an acyl group derived from an cartooxyllc acid. etc. . ^ , 

100231 T^e 'optionally substituted hydrocarbon group' and "optionally substituted heterocyclic group may have 1 
to 5 substituents as described above (preferably 1 to 3 substrtuents) at any possible position 

0024? in addition, the 'optionally substituted hydrocart)on group' and 'optionally substrtuted heterocycl« group 
represented by may have an oxo group. For example, when R' is a benzopyranyl. may form benzo-a-pymnyl. 

Sr^^'Sllpfes of the aryl group in the 'optionally substituted aryl group" as the substituent include C^^ aryl 
group etc. such as phenyl, naphthyl. anthryl. phenathryl. acenaphthyl. etc. Said aryl groups may have 1 to 3 subsWu- 
ents at any possible positions. Examples of the substituent include a lower alkoxy group (e^ C,.ealkoxy Qroup. «c 
such as meLxy, ethoxy, propoxy. etc.). a halogen atom (e.g. fluorine, chlorine, bromine iodine, etc.). a lower alky^ 
group (e.g. C, ealky. group, etc. such as methyl, ethyl, propyl, etc.). a lower alkenyl group (e.g. C^.^ alkenyl. etc. sudh 
Is vinyl, allyl etc.) aLer alkynyl group (e.g. C^.s alkynyl group, etc. such as ethynyl, propargyl, . an opt«na^ 
substituted amino group, an optionally substituted hydroxy group, a cyano group, an optionally substituted amidino 

[ome'r'"' The -optionally substrtuted amino group', "optionally substituted hydroxy group' and "optionally substituted 
amidino group" as the substituent are similar to those exemplified by the -optionally substituted amino group option- 
ally substituted hydroxy group" and "optionally substituted amidino gmup". which the "optionally substituted hydrocar- 
bon group" and "optionally substituted heterocyclic group" represented by R may have. . .. , H 
[00271 Examples of the cycloalkyl group in the -optionally substrtuted cycloalkyi group as the subartuent include 
C37 cycloalkyi group, etc. such as cyclopropyl. cyclobutyl. cyclopentyl. cyclohexyl. cycloheptyl. etc. Said cycloa kyi 
groups may have the same kind and number of substituents as those of the above described optionally substituted 

I0S2B] Examples of the cycloalkenyl group in the "optionally subsUtuted cycloalkenyl group- as the substituent 
nclude e.g. C3 e cycloalkenyl group, etc. such as cyclopropenyl. cyclcbutenyl, cyclopentenyl, cyclohexenyl etc. Said 
cycloalkenyl groups may have the same kind and number of substituents as those of the above descnbed "optionally 

mSSr^'^Smples of the alkyl group In the -optionally substituted alkyl group- as the substrtuent include e.g. C^s 
alkyl, etc. such as methyl, ethyl, n-propyl. isopropyl. n-butyl. isobutyl. sec-butyl, tert-butyl. n-pentyl. •=°P^"*y'- "^"P^"^^^ 
1-methylpropyl. n-hexyl isohexyl. ,,1-dimethy.butyl, 2.2-dimethylbutyl. 3.3-dirnemylbutyl. f ^'";^^^'V2n^,,f 
alkyl groups may have the same kind and number of substituents as those of the above described optionally substi 

loSlI'^' Examples of the alkenyl group in the "optionally substituted alkenyl group- as the substituent include e.g^ C^. 
' alkenyl group, etc. such as vinyl, allyl. isopropenyl, 2-methylallyl. 1-propenyl. 2.methyM -propenyl. 1 -butenyl 2-bu e- 
nyl 3-butenyl. 2-ethyl-1 -butenyl. 2-melhyl-2-butenyl. 3.methy1-2.butenyl. 1-pentenyl. 2-pentenyl. 3-pentenyl, 4-perite. 
nyl' 4-methyl-3-pentenyl, 1-hexenyl. 2-hexenyl. 3-hexenyl. 4-hexenyl. 5-hexenyl. etc. Said alkenyl groups may have the 
sariie kind and number of substituents as those of the above described -optionally substituted aryl. 
100311 Examples of the alkynyl group in the -optionally substituted alkynyl group" as the substrtuent include e.g. Cg. 
e alkynyl group, etc. such as ethynyl. 1-propynyl. 2-p.opynyl. Vbutynyl. 2-butynyl, 3-butynyl. 1-pentynyl. 2-pentynyl. 3- 
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pentynyl. 4-pentynyl. l-hexyntl. 2-hexyntl. 3-hexyntl, 4-hexynll. 5-hexyntl. etc. Said alkynyl groups may have the same 
kind and number of substltuents as those o1 the above described "optionally substituted aryl. 

[00321 Examples of the heterocyclic group In the -optionally substituted heterocyclic group- as the substituent 
Include e g an aromatic heterocyclic group, saturated or unsaturated non-aromatic heterocyclic group (alicycfic hetero- 
cyclic group) etc.. which contains, besides cartoon atoms, at least one hetero-atom (preferably 1 to 4 hetero-atoms, 
more preferably 1 to 2 hetero-atoms)conslstlng of 1 to 3 kinds of hetero-atorr« (preferably 1 to 2 kinds of hetero-atoms) 
selected from oxygen atom, sulfur atom, nitrogen atom. etc. 

r00331 Examples of the -aromatic heterocycfic group- include an aromatic monocyclic heterocyclic group such as a 
5- to 6-membered aromatic monocyclic heterocyclic group, etc. (e.g. furyl. thienyl, pyrrolyl, oxazolyl. isooxazolyl, thla- 
zolyl isothiazolyl. imidazolyl, pyrazolyl. 1 .2,3-oxadiazolyl. 1 ,2.4-oxadiazolyl. 1 .3.4-oxadia20lyl, f urazanyl. 1 ,2.3-thiadia- 
zolvl" 1 2 4-thiadiazolyl. 1.3,4-thiadia20lyl, 1 ,2,3-triazolyl, 1 ,2,4-triazoVI. tetrazolyl, pyridyt. pyridazinyl. pyrimldlnyl. 
Dvrazinyl "triazinyl, etc.); an aromatic fused heterocyclic group such as B- to 1 2-membered aromatic fused heterocyclic 
□roup (preferably, heterocycfic group consisting of the above-mentioned 5- or 6-membered aromatic monocyclfc hete- 
rocyclic group fused with a benzene ring or heterocyclic group consisting of the above-mentioned 5- or 6-membered 
aromatic monocyclic heterocycic group fused with the same or different above-mentioned 5- or 6-membered aromatic 
monocyclic heterocyclic group), etc. (e.g. benzofuranyl. isobenzofuranyl, benzothienyl, indolyl. isoindolyl. 1 H-indazolyl. 
benzindazolyl, benzoxazolyl. 1 .2-benzoisooxazolyl. bantothiazolyl. benzopyranyl. 1 ,2-benzoisothiazolyl. lH-benzotna- 
zolyl quinolyl, isoqulnolyl. cinnolinyl. quinazolinyl, qulnoxallnyl. phthalazinyl. naphthyrldlnyl. purinyl. pterldinyl. carba- 
zolyl aoitoollnyl. p-carbolinyl. rcartjolinyl. acridinyl. phenoxazinyl. phenothiazinyl. phenazinyl, phenoxalhinyl. 
thianthrenyl. phenanthridinyl. phenanthrolinyl. Indolizinyl. pyrTolo[1 .2-Mpyridazinyl. pyrazolol[1,5-3]pyridyrt, ""'da2ol1.2- 
ajpyridyl. lmida2o[1.5-a]pyridyl. imidazo[1 ,2-b]pyrida2inyl, imidazo[1 ,2-a]pyrimidinyl. 1.2.4-tnazolo[4.3-a]pyrldyl. 1,2,4- 
triazolo[4.3-blpyridazlnyl. etc.); etc. , ... ^ 

r00341 Examples of the "non-aromatic heterocyclic group' include a 3- to 8-membered (preferabV 5- or 6-mem- 
bered) saturated or unsaturated (preferably saturated) non-aromatic heterocyclic group (alicycllc heterocycfic group), 
etc such as oxiranyl. azetidlnyl. oxetanyl. thiethanyl. pyrrolidinyl. tetrahydrofuryl. thiolanyl, piperidyt. tetrahydropyranyl. 
morpholinyl. thiomorpholinyl, piperazinyl. etc., or non-aromatic heterocyclic group wherein a part or all of the double 
bonds in the above-mentioned aromatic monocyclic heterocyclic group or aromatic fused heterocyclic group are satu- 
rated etc.suchas1,2,3,4-tetrahydroqulnolyl, 1.2,3.4-tetrahydrolsoquinolyl, etc. 

10035] Examples of the substituent of the -optionally substituted heterocyclte group" as the substituent include a 
lower alkyi group (e.g. Ci.e alkyi group, etc. such as methyl, ethyl, propyl, etc.), a lower alkenyl group (e.g. C^^ alkenyl 
group, etc. such as vinyl, al^l, etc.). a lower alkynyl group (e.g. C^.e alkynyl group, etc. such as ethynyl, propargyl etc.) 
an acyl group (e.g. C, g alkanoyi such as formyl, acetyl, propionyl. pivaloyl. etc.. benzoyl, etc.). an optionally substituted 
amino group, art optionally substituted hydroxy group, a halogen atom (e.g. fluorine, chlorine, bromine, iodine, etc.. 
preferably chlorine, bromine, etc.), an optionally substituted imidoyi group, an optionally substrtuted amidino group etc 
r0036] The "optionally substituted amino group", "optionally substituted hydroxy group', "an optionally substrtuted 
imidoyi group- and 'optionally substituted amidino group', which the "optionally substituted heterocycric group' as the 
substituent may have, are similar to those exemplified by the 'optionally substituted amino group", -optionally substi- 
tuted hydroxy group', 'an optionally substituted Imidoyi group" and "optionally substituted amid-ino group", which the 
•optionally substituted hydrocaitoon group- and 'optionally substituted heterocyclic group' represented by R may have. 
[00371 Examples of the substituent in the -optionally substituted amino group", -optionally substituted imidoyi 
group', 'optionally substituted amidino group, 'optionally substituted hydroxy group' and "optionally substituted thiol 
group- as the substituent. which -the optionally substituted hydrocaitoon group' and "the heterocyclic group repre- 
sented by may have, include e.g. a lower alkyI group (e.g. 0,.^ alkyI group, etc. such as methyl, ethyl, propyl, Isopro- 
pyl butyl, isobutyl. an acyl group such as C,.6 alkanoyi (e.g. formyl. acetyl, propionyl. pivaloyl, etc.), benzoyl, etc an 
optionally halogenated C,.6 alkoxy-carbonyl (e.g. methoxycaibonyl, ethoxycarbonyl, trifluoromethoxy-cartoonyl, 2.2 2- 
trifluoroethoxycarbonyl. trichloro-methoxycartoonyl. 2.2.2-trichloroethoxycarbonyl. etc.). a heterocyclic group (e.g the 
above described 'heterocyclic group' similar to 'optionally substituted hydrocarbon group" in the "optionally substituted 
hydrocarbon group' represented by R\ preferably, pyridyl: more preferably. 4-pyridyl; etc.). etc. In addition, the amino 
group- In the "optionally substrtuted amino group" as the substituent may be substituted with an optionally substituted 
imidoyi group (e.g.. C, g alkylimidoyi, C,.6 alkanoylimidoyi (e.g. formimidoyl. etc.), amidino, etc.), an amino group 
optionally substituted with 1 -2 C, alkyi groups, etc. and two substrtuents of the "amino group' may fomi a cycfic ammo 
group together with a nitrogen atom. Examples of said cyclic amino group include e.g. 3- to 8-membered (preferably 5- 
to 6-membered)cyclic amino group, etc. such as 1 -azetidinyl. 1 -pyrrolidinyl, piperidino, morpholino. 1 -piperazinyland 1- 
piperazinyl which may have at the 4-posnion a lower alkyI group (e.g. C,.^ alkyl group, etc. such as methyl, ethyl, propy , 
Isopropyl. butyl, t-butyl, pentyl. hexyl. etc.). an aralkyl group (e.g. C7.10 aralkyi group, etc. such as benzyl, phenethyl, 
etc.). an aryl group (e.g. C6.,o aryl group, etc. such as phenyl. 1 -naphlhyl. 2-naphthyl, etc.). etc. 
[00381 Examples of the 'optionally substituted carbamoyl group" include unsubstituted caitoamoyi, N-mono-substi- 
tuled carbamoyl group and N.N-dl-substltuted carbamoyl group. 
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r00391 The "N-mono-substituted carbamoyl group' is b carbamoyl group having one substituent on the nitrogen 
atom and said substituent include e.g. a lower alkyi group (e.g. C,.6 alkyi group, etc. such as methyl, ethyl, propyl, «o- 
propyl butyl. Isobutyl, t-butyl, pentyl, hexyl, etc.). a lower alkenyl group (e.g. C^g alkenyi group, eta. such as vmyl. allyl. 
fsopmpenyl propenyl. butenyl, pentenyl. hexenyl. etc.). a cycloalkyi group (e.g. C3.e cycloalkyi group etc such as 
cyclopropyl. cyclobutyl. cyclopentyl. cyclohexyl. etc.), an aryl group (e.g. C^,o aryl group, etc. such as phenyl. 1-naph- 
thyl. 2 naphthyl. etc.). an aralkyi group (e.g. C,.,o aralkyi group, preferably phenyl-C,^ alkyi group, etc. such as ben^ 
phenethy° etc ) aryialkanyl group (e.g.. Ce.,o arylalkenyl group such as dnnamyl. etc preferably pheny -C,., alker^yl 
group, etc.). a heterocyclic group (e.g. the above^ described 'heterocyclic group" as the substituent of the optionally 
substituted hydrocarbon group" represented by R\ etc.), etc. 

ro0401 Said lower alkyi group, lower alkenyl group, cycloalkyi group, aryl group, aralkyi group, araikenyl group and 
heterocyclic group may have a substituent and examples of the substituent Include ^-S; a hydroxy group, an optionally 
substituted amino group [said amino group may have 1 to 2 substituents (e^g. a lower alkyi group (e.g. ^,-6 alky group 
etc such as meth^ ethyl, propyl, isopropyl. butyl, Isobutyl. t-butyl. pentyl. hexyl etc.) an acyl group (e.g. C, « a kanoyi 
such as formyl. acetyl, proplonyl. pivaloyl. etc., benzoyl, etc.), a carboxyl group. C,.e alkoxy-ca*onyl 9~"P;^«^= «^^^^^^^^ 
ogen atom (e g. fluorine, chlorine, bromine, iodine, etc.). a nitro group, a cyano group, a lower alkyi group optionaUy sub- 
s?tuted with 1 to 5 halogen atoms (e.g. fluorine, chlorine, bromine. Iodine, etc.). a lower alkoxy group optionally 
substrtuted with 1 to 5 halogen atoms (e.g. fluorine, chlorine, bromine. Iodine, eta.), etc. 

[0041 1 Said lower alkyi group include e.g. C^.e alkyi group, eta. such as methyl, ethyl, n-propyl. eopropyl, n-butyl. 
sobuil. sec-butyl, tert-butyl. pentyl. hexyl. etc. and in particular methyl, ethyl, etc. are preferable. Said lower alkoxy 
group ir^clude e.g. C, g a'koxy group, ete. such as methoxy. ethoxy. n-propoxy. Isopropoxy. n-butoxy, isobutoxy. sec- 
butoxy.tert-butoxy. etc. and in particular methoxy.ethoxy. etc. are preferable. ^.k , ,ot.-» 

[0042] These substituents may be same or different and the number of the substrtuents is preferably 1 or 2 to 3 

!oM3r^* TJe^"ll,N-d-substitu^^ carbamoyl group" is a carbamoyl group having two substituents on the nitrogen 
atom Examples of one of the substituents include the same as those of the above described N-mono-substituted car- 
bamoyl group- and examples of the other substituent include e.g. a lower alkyi group (e.g. C,.6 alky group, etc. such as 
methyl ethyl propyl, isopropyl, butyl, t-butyl. pentyl, hexyl. eta.). C3.6 cycloalkyi group (e.g. cyclopropyl, cyclobuty . 
cyciop;ntyi: ^clohexyl. etc.). C,.,o aralkyi group (e.g. benzyl, phenethyl, etc.. preferably phenyl-C,., ^"l^^^^ "Sl^ 
etc In addition, two substituents of the "N.N-di-substituted carbamoyl group" may form a cyclic amino^aibarnoy group 
together with a nitrogen atom. Examples of said cyclic amino-cartoamoyi group include e g. 3- to 8-membered (prefer- 
ably 5- to 6-membered)cycric amino-carbamoyl group, ete. such as 1-azetidinyk:art>onyl, 1 -pyrrol.d.nylcarbonyl, piperid- 
inocarbonyl, morpholino-carbonyl. 1-piperazinylcarbonyland 1 -piperazlnybarbonyl which may have ^^^J'^"^ 
lower alkyi group (e.g. C, e alkyi group, eta. such as methyl, ethyl, propyl, isopropyl. butyl, t-butyl. pentyl. hexyl. eta.), an 
aralkyi group (e.g. Cj.yo aralkyi group, ete. such as benzyl, phenethyl. etc.). an aryl gmup (e.g. C6.,o aryl group, ete. 
such as phenyl. 1 -naphthyl. 2-naphthyl, etc.). eta. . . . ^ w »•►.. 

(00441 Examples of the substituent In the "optionally substituted thiocartjamnoyi group include the same substitu- 
ent as those in the above described 'optionally substituted carbamoyl group". . . . ^ ^ , 
[00451 Examples of the "optionally esteritied carboxyl group' in the present specification include a carboxyl group 
as well as a lower alkoxycarbonyl group, an aryloxycarbonyl group, aralkyloxycarbonyl group, ete. 
[0046] Examples of the 'lower alkoxycarbonyl group' Include e.g. C, .5 alkoxycarbonyl group, etc. methoxycarbo- 
nyl ethoxycarbonyl, propoxycaitonyl. Isopropoxycarbonyl. butoxycarbonyl, isobutoxycart^onyl. sec-butoxycarbonyl, 
tert-butoxycartjonyl. penlyloxycarbonyl, isopentyloxy-carbonyl. neopentyloxycarbonyl. etc. Among others. C,.3 alkoxy- 
cart5onyl group, eta. such as methoxycarbonyl. ethoxycaftonyl, propoxycartjonyl, etc. are preferable. 
[0047] Examples of the 'aryloxycarbonyl gmup" include e.g. Cj.,r, aryloxy-carbonyl group, etc. such as phenoxy- 
carbonyl. 1-naphthoxycarbonyl. 2-naphthoxycBrbonyl. etc. ,„„ki„ 
[0048] Examples of the 'aralkyloxycaitoonyl group" include e.g. C^o aralkyloxy-carbonyl group, eta. (preferably. 
C6,oaryl-C,.4alkoxy-carbonyl,etc.)suchasbenzyloxycarbonyl,phenethyloxycarbonyl etc. „,-,«,.,k 
[Ooig] Said "aryloxycarbonyl group' and 'aralkyloxycarbonyl group' may have a substrtuent. Examples 0 the sub- 
stituent Include the same kind and number of the substituents of the aryl group and aralkyi group as the substituent for 
the above described N-mono-substituted cartjamoyi group. K«„ir,^ 
[00501 Examples of the 'acyl group derived from a sullonic acid" as the substituent include a sulfonyl group hav ng 
one substituent which the above described 'N-mono-substituted carbamoyl group" have on the nitrogen atom. etc.. 
preferably, C, e alkylsulfonyl. eta. such as methanesulfonyl. ethane-sullonyl, eta. ^ , „ k=v, 
[0051 1 Examples of the 'acyl group derived from a carboxylic acid" as the substituent include a cartjonyl group hav- 
ing a hydrogen atom or one substituent which the above described "N-mono-substituted carbamoyl group have on the 
nitrogen atom. etc.. preferab^. C,.6 alkanoyi such as formyl. acetyl, propionyl. ph/aloyl. eta. benzoyl eta 
[0052] As R' an optionally substituted hydrocartjon group is preferable. Among others, an aryl group (preferably. 
Cs-u aryl group. 'eta. such as phenyl. 1 -naphthyl, 2-naphthyl, eta.) optionally substituted with a halogen atom or C2.4 
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alkenyl group. 

[00531 Also as R1 an optionally substituted heterocyclic group is preferable. Among others, a heterocyclic group 
(preferably, benzofuranyl group, benzopyrenyl group, etc.. n^ore preferably benzopyranyl group) optionally substituted 

with a halogen atom. . . . ,. 

r00541 In the above formula, the ring A is an optionally substituted divalent nitrogen-contarntng heterocyclic group. 
That is the ring A is a divalent nitrogen-containing heterocyclic group which may have an optional substituent at any 
possible position, in addHion to one oxo group clearly described as a substituant on the ring A Said oxo group may be 
present at any possible position, preferably on the carbon atom next to the nitrogen atom to which the group of the for- 

SoSl ^ '^Exfi^JIlel of the "divalent nKrogen<ontaining heterocyclic group" in the 'optionally substituted divalent nitro- 
gen-containing heterocyclte group' represented by the ring A include a divalent 6- to S-membered nrtrogen-containrng 
heterocyclic group having an oxo group at any possible position and which contains, besides carbon atoms, at least two 
nitrogen atorm and which may contain 1 to 3 hetero-atoms selected from oxygen atom, sulfur atom, etc^ and preferably 
a divalent 5- to e-membered nitrogen^ontaining heterocyclic group having an oxo group at any possible position and 
which contains, besides carbon atoms, at least two nitrogen atoms. . . . ^ . 

r00561 Examples of the 'divalent 6- to B-membered nitrogen-containing heterocycflc group include e.g. a divalent 
6-membered nitrogen-containing heterocyclic group which contains 2 to 4 nrtrogen atoms such f P'P^^f^^'^^^^Si' 
erazine-l 4-dVI etc.). tetrahydropyrazlnedlyl, triazacyclohexanediyl, tetraazacyclohexanediyl. tetrahydrotnazmediyl, 
etc.: a divalent 7-membered nitrogen^ontainlng heterocyclic group which contains 2 to 4 nitrogen atoms such as 
homopiper^zinediyl (piperazine-1 ,4-diyl. etc.), 2.3-dehydrohomopipera2inediyl. etc.; a divalent 8-membered nitrogen- 
containing heterocyclic group which contains 2 to 4 nitrogen atoms such as 1 .4-diazacyclooctanedyl (1 .4-diBZBcy- 
clooctane-1 .4-diyl. etc.), 1 .S-diazacyclo-octanedlyl (1 ,5-diazacyclooctane-l ,5-diyl. etc.) etc.: etc. 
roOSTI These 'divalent nitrogen-containing heterocyclic groups' have an oxo group at any possible positon. Among 
others, 'divalent 6-8 membered nitrogen-containing cyclic amide group' having an oxo group on the carbon atom next 
to the nitrogen atom to which the group of the formula: -X'-Y-X-Z binds is preferable. 

10058] Examples of the 'divalent 6-8 membered nitrogen-containing cycfic amide group' include 2-oxopiperazine- 

1 4-diyl 2-0XO-1 2 3,4-telrahydropyrazine.1. 4-diyl. 2-oxohomopiperazine-1.4-d.yl, 5-oxohomopiperazine-l ,4-diyl. 2- 
0X0-1 4'-dia2acyclooctane-l.4-diyI. 5-oxo-1.4.diazacyclooctane-1 .4-diyl. 2-oxo-1.5-dia2acyclooctane-1.5-dyl. 5-oxo- 

2 3-dehydrohomopiperazine-l ,4-diyl. 3-oxo-1 ,2.4-triazacyclohexane-1 ,4-d.yI. 3-oxo-1 ,2.3,4-tetrahydro-1 .2.4-triaz.ne- 
1 '4-diyl 6-0x0-1 ,2.4-triazacyclohexane-1 ,4-diyl. 3-0x0-1 ,2,4,5-tetraazacyclohexane-1.4-diyl. etc. 

[0059] Examples of the substltuents of the 'divalent nitrogen-containing heterocyclic group" In the 'optionalV sub- 
stituted divalent nitrogen-containing heterocyclic group" represented by the ring A include, in addition to one 0x0 group, 
e g an optionally substituted hydroxy group, an optionally substituted thiol group, a halogen atom (e.g. fluonne, chlo- 
rine bromine. Iodine, etc.). a nitro group, a cyano group, an optionally substituted amino group, an optionally substituted 
lower alkyi group, an optionally substftuted lower alkylidene group, an optionally substituted lower aralkylidene group, a 
lower alkoxy group optionally substituted with 1 to 5 halogen atoms (e.g. fluorine, chlorine, bromine, iodine, etc.), an 
optionally esterified carboxyl group, an optionally substituted carbamoyl group, an optionally substituted thiocarbamoyl 
group, an optionally substrtuted sulfurmoyt group, etc. Said "divalent nitrogen-containing heterocyclic group may have 
1 to 3 (preferably 1 to 2) of these substltuents at any possible position. 

[00601 Examples of the substrtuents of the 'optionally subsfrtuted amino group' Include 1 -2 substltuents selected 
from an optionally substituted alkyI group, an optionally substituted carbamoyl group, an optionally substituted thiocar- 
bamoyl group an optionally substrtuted sulfurmoyi group, an optionally esterified carboxyl. an acyl group derived frorri 
a sulfonic acid an acyl group derived from a carboxylic acid, etc. Examples of said 'optionally substituted alkyl group 
"optionally substituted carbamoyl group", 'an optionally substituted thiocarbamoyl group', 'an optionally substituted sul- 
furmoyi group- "an optionally esterified carboxyl group", "an acyl group derived from a sulfonic acid' and "an acyl group 
derived from a carboxylic acid" include the 'optionally substituted alkyl group', 'optionally substituted carbamoyl group 
"an optionally substituted thiocarbamoyl group", "an optionally substituted sulfurmoyi group", "an optionally esterified 
carboxyl group", 'an acyl group derived from a sulfonic acid' and "an acyl group derived from a carboxylK: acid as 
exemplified by the substltuents for the above described 'optionally substituted hydrocarbon group' represented by R . 
[0061 1 Preferable examples of the 'optionally substituted amino group" include an amino group optional^ substi- 
tuted by 1 -2 substrtuents selected from (1 ) a lower (C^.e) alkyl group such as methyl, ethyl, n-propyl, isopropy . n-butyl. 
isobutyl, secbutyl. tert-butyl. etc., (2) mono- or di-lower (Cs) alkylcarbamoyi group. (3) C^.g alkylsulfony such as 
methanesulfonyl. ethanesulfonyl, etc., (4) C,.6 alkanoyi such as fomnyl, acetyl, proplonyl, pivaloyl. etc. and (5) benzoyl. 
[00621 Examples of the "lower alkyl group' in the "the optionally substituted a lower alkyl group" include e.g. C,.6 
; alkyl group, etc. such as methyl, ethyl, n-propyl, isopropyl. n-butyl, isobutyl, sec-butyl, tert-butyl, etc., and in particular 
methyl, ethyl, etc are preferable. • „ 

[0063) Examples of the substltuents for the 'lower alkyl group' include e.g. a halogen atom (e.g. fluonne. chlonne, 
bromine, iodine, etc.), an amino group, a carboxyl group, hydroxy group. Ce-io aryl. Cg-to aryloxy. etc. Said lower alkyl 
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group" may have 1 to 5 (preferably 1 or 2) substituents at any possible position. 

r00641 Examples of the "optionally substituted lower alkylidene group" include e.g. C^.g alkylidene etc. such as 
rnethy idene. ethylidene. etc. Examples of the subsUtuents for the "lower alkylidene group" include e.g^ a halogen a^m 
re g fluorine, chlorine, bromine, iodine, etc.). an amino group, a ca,boxyl group, a hydroxy group, etc. Said "lower alkyli- 
dane nrouo" mav have 1 to 5 (preferably 1 to 2) of these substituents at any possible position, 
foisr examJIeTof the "options lower aiBlkyfidene group" include e.g. Cs.,o aryi-C,.4 alkylidene. etc. 

such as benrylidene. etc. Examples of the substHuenls for the "lower aralkylidene group include e.g. a halogen atom 
(e g fTuorme chlorine, bromine iodine, etc.). an amino group, a carboxyl group, a hydroxy group, etc. Said "lower 
aralkylidene group" may have 1 to 5 (preferably 1 to 2) of these substituents at any possible pos,t«,n. 
f00661 Examples of the "lower alkoxy group" In the "lower alkoxy group optionally substituted with 1 to 5 halogen 
S include e g. C,.e alkoxy group. L such as methoxy, ethoxy. n-propoxy. isopropoxy, n-butoxy. isobutoxy. sec- 
butoxvtert-butoxy. etc. and in particular methoxy.ethoxy. etc. are preferable. ... ^ ^ , 

foS" ExamT es of the "optionally esterified carboxyl group" include the optionaHy esterrfied carboxyl group as 
exempliried by the substituents for the above described "optionally substituted hydrocarbon group" represented by R 
OMsr Exarrlples of the "optionally substnuted ca*amoyl group", "an optional^ substituted th.ocarbarnoyi group 
and "in optionally substituted sulfum^oyl group "include the optional^r substituted carbe^oyl group, ^^^^^j^^l^^^' 
stituted thiocarbamoyi group and an optionally substituted sulfurmoyi group as exemplified by the substrtuents for the 
above described "optionally substituted hydrocarbon group" represented by R . . . . ,. ,k, ..,K„ti.nt«rt 

m0691 Examples of the substituents for the "hydroxy group" and "mercapto group" in the "optionally substituted 
hy?r!Jy group" and "optionally substituted me^apto group" as a subsUtuent. which nToZ' 
hetero^cllc group" represented by the ring A may have, include an optionally substrtuted lower ahcyl group, an option- 
aS^Srfied carSoxyrgroup, an 7ptionalfy substHuted carbamoyl group, an optionally substituted ^-"^^•'y'^S^-^P- 
an optional^ substituted sulfum,oyl group, an acyl group derived from a sulfonic acd, an acyl group derived from a car- 

Examples of the lower alkyi group include e.g. C,.6 alkyi group, etc. such as '^'^•^''^y;; 
pyl, n-butyl. isob^l. sec-butyl, tert-butyl. pentyl. hexyl. etc. Examples of the substrtuents which said bwer al^ g oup 
may have^ include a halogen atom(e.g.. fluorine, chlorine, bromme. iodine, etc.). an optionally substituted aiyl group 
te.g phenyl or naphthyl. each of which may be substituted with a halogen atom(e.g.. fluonne. 

etc ) a lower alkyi group (e.g.. C,.6 alkyi group, etc. such as methyl, ethyl, n-propyl. eopropyl. n-butyl. isobutyl. sec- 
butyl, tert-butyl. pentyl. hexyl' etc. .'a lower alkoxy group (e.g.. C,.e alkoxy group, etc ,f ,'^«'^7-^'';,3^^ 
poxy isopropoxy n-butoxy. isobuloxy. sec-butoxy, tert-butoxy. etc.). etc.l. an opfona^ substrtu ted Mroxy group ^^g 
slmnkr to the optionally substituted hydroxy group as a substituent for the -optional^ ^"''^.""^f '^^y^™"*^" f ^ 
represented by the above-mentioned R\etc.). an optionally substituted thiol group (e.g.. similar to the optionally substi- 
tuted thiol group as a substituent for the "optionally substituted hydrocarbon group" represented by the above-men- 
tioned H\ etc.). an optionalty substituted amino group (e.g.. similar to the optionally ^^^j^^ri" ^^rLITon 
substituent for the "optionally substituted hydrocart.on group" represented by the above-menUoned H e^ )..^" 2°"" 
ally esterried carboxyl group (e.g.. similar to the optionally esterified carboxyl group as a substrtuent fo the optionaHy 
substituted hydroca^on group" represented by the above-mentioned R\ etc.). etc. In addition. « sulfur atom in he 
•optionally substituted mercapto group" may be oxidized. For example, the sulfur atom may be in the fom, of the for- 

mula: S(0)k [k is an integer of 0 to 2). ,ik, 

[0071] Examples of the "optionally esterified carboxyl group", "optionally substituted carbannoyl group • optlona hj 

substituted thiocarbamoyi group", "optionally substrtuted sulfurmoyi group", "acyl ^^^^.''''^'.''^'^2^^^^'''"^ 

and "acyl group der^ed from a carboxylic acid" as a substituent for the "hydroxy S^P^ '"f "^f 9;°"^ '"J^; 

"optionally substituted hydroxy group" and "optionally substituted mercapto group . which the 

ing heterocyclic group" represented by the ring A may have, are similar to the "optiona ester^ied 

•optionally substituted carbamoyl group", "optionally substituted thiocarbamoyi group . ^^P;'°"^'y,^^"^f ^"j^^^^^^^^^ 

moyi group", "acyl group derived from a sulfonic acid" and "acyl group derived from a cartsoxylic acid as a substituent 

for the "optionally substituted hydrocarbon group" represented by the above-mentioned R . 

[0072] As the ring A. a group of the formula: 
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wherein n is 1 or 2, and m is 2 or 3. etc. is preferable. 

[0073] In the above formula, m Is preferably 2. and n Is preferably 1 . 

[0074] In particular, the ring A is preferably 2-oxopiperazine-1 .4-diyl. 

[0075] m the above formula. Y is an optionally substituted divalent cyclic group ,.h h« v inrinri,. 

0076 Examples of the substituents for the "optionally substituted divalent cycl« group" represented by Y Include 
the sarre substituents as those of the above described •dh.alent nitrogen-containing heterocyclic group represented 

Soi^''"^ AS a substituent for the 'divalent cyclic group" represented by Y. an optlonalV substituted hydroxy group Is 
preferable and. among others, hydroxy group and C,.6 alkanoyloxy (e.g.. acetoxy. etc.) are preferable^ 
[0078] When Y is a divalent saturated nitrogen-containing heterocyclic group (in particular, p.pendine-1 .4-diyl), the 
substituent for Y is preferably present on the carbon atom to which the group X' binds. ■ « Hh«i„nt 

[00791 Examples of the "divalent cyclic group" in the "optionally substituted divalent cyclic group include a divalent 
cyclic hydrocarbon group or a divalent heterocyclic group (preferably a divalent heterocyclic group)^ .„„„„„„k, 
moBOl Example of the "divalent cyclic hydroca*on group" in the "divalent cyd« group of the ophonal^ substl- 
luted dh.alent hydrocarbon group" represented by Y Include a saturated or unsaturated cyclic d-|valem hydrocartjon 

foOBli Examples of the saturated cycfic divalent hydrocarbon group include a divalent group formed by removing a 
hydrogen atom at an optional position (preferably a hydrogen atom on a carbon atom which is f f'*^*"^^;""? f^^^^*''" 
atom at the 1-posrtion. more preferably a hydrogen atom on a carbon atom which is farthest ^ ^^^^^^ 
the 1 -position) from a cycloalkyl group (e.g. C^g cycloalkyi (preferably C^^ cycloa kyl. more preferab^ • 
etc. such as cyclopropyl, cyclobutyl. cyclopentyl, cyclohexyl, cyclo-heptyl. cyctooctyl cyclononyl. ^^f j"^^^ 
examples of thesaturated cyclic divalent hydrocarbon group include cycloalkylene (more preferably 1 .4-cyclohex- 

?M82]^'^'*Examples of the unsaturated cyclic divalent hydrocarbon group include a divalent group formed by removing 
a hydrogen atom at an optional position (preferably a hydrogen atom on a carbon atom which is different from the car- 
bon atom at the 1-position. more preferably a hydrogen atom on a carbon atom which « terthest from the carbon atom 
at the 1 -position) fmm a cycloalkeriyi group (e.g. C3.6 cycloalkenyl group, etc. such as 2-cyclopenten-1-yl. 3- 
cyclopen^n-1-yl. 2-cyclohexen-l-yl. 3-cyclohexen-1-yl. i-cyclobuten-1-yl. l-cyclopenten-,-yl. etc.). a cyck.alkaned,- 
enyl group (e.g. C, l cycloalkanedienyl group, etc. such as 2.4^yclopentadien-1-yl. 2.4-cyclohexad-,en-1-yl. 2.5- 
^clohexadien-1-yl.^L.). an aryl group (e.g. C^,o aryl group, etc. such as phenyl, naphthyl, etc., preferably phenyl), 
etc Among others, phenylene is preferable and in particular1,4-phenylene is preferable. ^ , 

[0083] As the -divalent hydrocarbon group". C5.7 cycloalkylene (preferably 1.4.cyclohexylene, etc.). phenylene 
(preferably 1.4-phenylene, etc.), etc. are preferable. 

0084] Examples of the "divalent heterocyclic group" in the "optionally substituted divalent heterocyclic group rep- 
resented by Y include a 5- to 6-membered divalent aromatic heterocycfic group, a 5- to 6-membered divalent saturated 
or unsaturated non-aromatic heterocydk: group (alicyclic heterocyclic group), etc., which contains besides carbon 
atoms at least one hetero-atom (preferably 1 to 3 hetero-atoms. more preferably 1 to 2 hetero-atoms)consist.ng of 1 to 
3 kinds of hetero-atoms (preferably 1 to 2 kinds of hetero-atoms) selected from oxygen atom, sulfur atom, nitrogen 

ra0851^'°' Examples of the "divalent aromatic heterocyclic group" include a dh/alent group formed by removing two 
hydrogen atoms at d^ifferent positions from a 5-membered heterocyclic ring such as furan, thiophene, pyrrole, oxazole, 
isoxarole, thiazole. isothiazole. imidazole, pyrazole. 1 .2.3-oxadia20le, 1.2.4-oxadiazole. 1 ,2 5-oxad.azole, .3.4-°«dla- 
zole 1 2 3-thiadia20le. 1,2,4-thiadia20le, 1 ,2,5-thiadia2ole, 1 .3,4-thiadiazole. 1 ,2,3-tnazole, 1 ,2.4-tria20le. etc.. a 6- 
mer^bered heterocyclic ring such as pyridine, pyridazine, pyrimidine, 1 .2.4.triazine. 1 .3.5-triazine etc. 
[00861 Examples of the "divalent non-aromafic heterocyclic group" include a 5- to 6-membered saturated or unsatu- 
rated (preferably saturated) non-aromatic heterocyclic group (alicyclic heterocyclic group), etc. such as pyrrolidine, tet- 
rahydroluran, piperidine. tetrahydropyian, morpholine, Ihiomorpholine. piperazine, etc. . ^ . 

[0087] Among others, Y Is preferably an optlonalV substituted phenylene. an optionalV substituted piperidine. etc. 
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10088] in addition, when the "divalent cyclic group" in the -optionally subsftuted dwalent cyd,c 9^°"? "Sf 
by Y is a divalent cyclic hydrocarbon group. Z is preferably an optionally substrtuted amino group or an optionally sub- 
2tu.ld!,^doyl grSp. When the -tf.valent cyclic group" in the "optionally substituted divalent cyclic group" represented 
by Y Is a dlvaLt heterocyclic group, Z is preferably an optionally substituted n.trogan-conta.nmg heterocyclic group. 
[00891 in the above formula. X and X" are independently a chemical bond or an optionally substituted alkylene 



foMO] Examples of the "alkylene chain" in the "optionally substituted alkylene chain" '^P'^'^'^'^l'^lfJ^^^'^ 
Include a straight-chain lower (C,^) alkylene. etc. such as methylene, ethylene, propylene, butylene. pentylene. etc. 
Amona others Ci ^ alkylene. etc. such as methylene, ethylene, etc. is preferable. ^ . . ,. 

mo91] Examples of the ;ubstnuents for the "alkylene chain" include a lower alkyl group (sWIar to the "optiona j, 
subs^i uted lower alkyl group" as a substituent for the "optionally substituted divalent nitrogen-containing heterocyclic 
gX- for t e above^^^^^^^^^ the ring A. etc.; preferably, lower alkyl group (e g. C, e alkyUtc. such as rnethyL ethy^ 
n-propyl. isopmpyt, n-botyl. isobutyl, sec-butyl, tert-butyl. etc.)]. an optionally substituted carbamoyl 9~"P t^''" 
■oSa ly sSbsSted cVrbamoyI group" as a sute^^^^ 

erSyclic group- for the above-mentioned the ring A. etc.; preferab^, carbamoyl group. N-mono-lower (C,.6) a»^tc^r- 
bamov graup N N-dHower (C, 6)alkylcart,amoyl group, etc.]. cyano group, a halogen atom (e.g. fluonne chlonne 
brlTne bl'e ete ) hydroi g^up an optlonalV esterlfled carboxyl group (the same "optionally estertfied «rboxyl 
Trr^as exe-S i the^sSbsfSents for the above described "optionally substHuted hydroca^on group" repre- 
sented by H\ L said "alkylene chain" may have 1 to 3 of these substituents at any possible PO^'t'""- 
[0092] In the above forrriula. Z is (1) an optionally substituted amino group, (2) an optionally substrtuted imidoyi 
group or (3) an optionally substituted nitrogen-containing heterocyclic group. , ^ k. 7 = =imn=r tn 

?0093] Examples of the substituents tor the 'optionally substituted ammo group" ^Presented by Z ° 
those for the "opSonalV substituted hydrocarbon group" represented by the above-mentioned H\ Two t;«^"bs«u- 
enJ foTthe -optionally substituted amino group" may bind to each otherto form a cyclic amino group together wrth a 
nrogen aL.'Examp'les of said cycHc amino group include 3-8 membered (preferably 5-6 ^"J^^^) ^^^^^^^^^ 
etc. such as l-azetidinyl. l-pyrrofidinyl. piperidino. morpholino. 1-piperazinyl and 1-p,perazinyl -^f j^f ^^ "^^ 
4 position a lower alkyl group (e.g. C,.6 alkyl group, etc. such as methyl, ethyl, propyl, isopropyl, butyl t-butyl. pentyl 
lexvt etcra^kyl group (e^g C^-.o aralkyi group, etc. such as benzyl, phenethyl, etc.). a,yl group (e.g C^no aryl 
gmui. eS'such al^he^y VnapMhyl. 2.naphthy., etc.), etc.. etc. Said cyclk. amino group may --''-^^^^^^^^ 
and Wnds of the substituents to those for the "optionally substituted hydrocart,on group" represented by the above-men- 

So9%'^'' When the "optionally substituted hydrocaibon group" as a substrtuent in the 'arriino group substituted with 
Lptfonally substituted hydrocarbon group" represented by 2 Include "an optionally subst.uted '-no grouP m its a^os. 
tion. the -optionally substituted amino group" represented by Z fom,s an Q-JP ^"J "If^^.^^^^ R^Vherein 
substituted imIdoyI group- exemplified below as Z. For example, a group of the formula. -N(R )-C(R -N-R Inhere n R 
s a hydrogen atom'or an optionally substituted hydrocarbon group. R is a hydrogen atom, an optionally subsmuted 
hydro^ group, an optionally substituted hydrocarbon group or an acyl group denved from a carboxylic acd, and R is a 
hydrogen atom, an optional^ substituted hydrocarbon group, an acyl group denved from a carboxylic acid, an optionally 
subXted amino group, an optionally substituted meirapto group or an optionally substituted hydroxy group], etc. is 
also included by the "optionally substituted amino group" represented by Z. . . ^ hwomk 

^951 in addition, when R' is a mercapto group or a hydroxy group and R is a hydrogen atom '^he-oPt'^-lly sub- 
stituted Imidoyl group", said "optionally substituted Imldoyl group" may be in the form of a group of the formula.-C(=0)- 

!!)ol6T''^ln the'iove formula, the "optionally substituted hydrocarbon group" '^P^«=/"»^^,%;; ^^J^^^^ 
r same as the above-mentioned "optional^ substituted hydrocarbon group" represented by R . Examples of the acy^ 
group derived from a carboxylic acid" represented by R and R' include that exemplified by the "acyl S^oup 'lenved frorn 
a caLxylic acid" as the substituent for the above-mentioned -optionally substituted hydrocarbon 9;°"P -P't^^"*^'^ 
by R« Examples of the "optionally substituted hydroxy group- represented by R' include that exemphfied by tt^e opt^on- 
arsubstrtuted hydroxy graup" as the substituent for the aboveHTientioned "optionally substituted hydrocarbon group 
, Sisented by ^ Spies of the "optionally substituted amino group" represented by R' include that exernphfied by 
' Z -oplna,,7substS'amino group" as the substituent for the above-mentioned '^^'^^-^^^^'''^^^^^^^ 

group" represented by R^; or an amino group which may have 1-2 "optionally substitiJted hydrocarbon groups repre- 
sented by the above-mentioned R^; etc. ^t^^^^^^r 
10097] in the compound represented by the formula (1), compounds wherein R ,s an acyl group derived from a car- 
5 boxvllc acid Is useful as a pro-drug for compounds wherein R is a hydrogen atom. • ^ k , .h^ 

lOMS] Examples of the "acyl group derived trom a carboxylk: acid" represented by R Include t^^^t "e^J'^^ ^y th« 
•acyl group derived from a carboxylic acid" as the substituent for the above-menlioned optionally substrtuted hydrocar- 
boo group" represented by RMn addition, the 'acyl group derived from a carboxyflc acid" represented by R may be. for 
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example a group of the formula: -COOR*" wherein R'" is an optionally substituted hydrocarbon group, etc., such as an 
optionally estertfled carboxyl group, etc. Examples of the -optionaity substituted hydrocarbon group" represented by R- 
include that exemplified by the above-mentioned "optionally substituted hydrocarbon group" represented by R . 
[00991 Preferred examples of the ■hydrx)carbon group" in the "optionally substituted hydrocarbon group- repre- 
sented by R"' include Cve alkyi, C^.g alkenyl. C3.6 cycloalkyl. C^,o aryl Cg^io aryl-C^^ alkyl. etc. Said "hydrocarbon 
- group" may have similar number and kinds of the substituents to those for the above-mentioned -optionally substituted 
hydrocarbon group" represented by RV 

[01001 Among others, specrfic examples of the grDup represented by the formula: -COOR- Include C^.q alkoxy<ar- 
bonyl group (e.g.. methoxycarbonyl, ethoxycarbonyl. isopropoxycarbonyl. etc.). 0^.6 alkanoyloxy-C^e alkoxy-carbonyl 
group (e.g., pivaloyloxymethoxycarbonyl. 1.(acetoxy)ethoxycarbonyl, acetoxy-tert-butoxycarbonyl. etc.). Ci.g a>koxy- 
carbonyloxy-Ci,6 alkoxy-carbonyl group (e.g.. ethoxycarbonyloxymelhoxycarbonyl. etc). alkyf-2-oxo-dioxolen.4- 
yl-C, 6 alkoxy-carbonyl group (e.g., 5-methyl-2-oxo-dioxolen-4-ylmethoxycarbonyl. etc.). etc. 

[01011 More specific examples of the -optionally substituted amino group" represented by 2 include a mono- or di- 
lower (Ci c) atkylamino group (e.g. methylamino. ethylamtno. bentylmethylamino. dimethylamino, diethylamlno. 
diisobutylamino. diisopropylamino. N-ethyM-butylamino. benzyfmethylamlno. etc.) which may be further substituted with 
an amino group, a Ce-io aryl group (preferably, phenyl), etc.; a group of the formula: -N(R'')-C(R')=N-R [wherein R" is a 
hydrogen atom or an optionaify substituted hydrocarbon group (preferably, a hydrogen atom or a lower (0,^) alkyl 
group) R is a hydrogen atom, an optionally substituted hydroxy group, an optional^ substituted hydrocarbon group or 
an ac>^ group derived from a carboxyRc acid (preferably, a hydrogen atom or an acyl group derived from a carboxyltc 
acid) and R' is a hydrogen atom, an optionally substituted hydrocarbon group, an optionally substituted ammo group, 
an optionally substituted mercapto group or an optionally substituted hydroxy group (preferably, a hydrogen atom, a 
lower (Cn 6)a'kyl group, an amino group ora mono-or dt-lower (Ci.e) alkylamino group))(e.g., guanidino group, formim- 
Idoylamino group, acetimidoylamino group, etc.); 5-6 membered cyclic amino group (e.g.. piperidino group, etc.); etc. 
[0102] Examples of the "optionally substituted imidoyi group" represented by Z include a group of the formula: - 
C(R')=N-R wherein each symbol Is as defined above, etc. 

[0103] Here, when R' is an optionally substituted amino group (preferably, amino, methylamino, ethylamino, pro- 
pytamino, dimethylamino. diethylamlno, hydrazine, piperidino. piperazino. morpholino. thiomorphollno, etc.). the "option- 
ally substituted tmidoyi group" represented by 2 forrns an optionally substituted amidino group. Examples of said 
optionally substituted amidino group include an amidino group optionally substituted with 1-2 lower (C^e) alkyl groups, 
lower (Ci 6) alkanoyi groups, benzoyl groups, etc. (e.g.. amidino. N-methylamidino, N-ethylamidlno, N-propylamidino, 
N N'-dimethylamidino, N.N'-diethylamidino, N-methyl-N'-diethylamidino. N-formylamidino, N-acetyl amidino, etc.), etc.. 
10104] In the above formula, preferred examples of R" include a hydrogen, a lower alkyl group (e.g. C^e alkyl group 
such as methyl, ethyl, propyl. Isopropyl, butyl, isobutyl. etc.). etc. Preferred examples of R Include a hydrogen, a lower 
alkyl group (e.g. g a'kyi group such as methyl, ethyl, propyl, Isopropyl. butyl, isobutyl, etc.). an acyl group (e.g. C,.6 
alkanoyi such as formyl. acetyl, propionyl, pivaloyl. etc.; benzoyl; C^.q alkoxycarbonyl, etc. such as methoxycarbonyl. 
ethoxycarbonyl. propoxycarbonyt, isopropoxycarbonyl. butoxycarbonyl. isobutoxycarbonyl. etc.; C7.10 aralkyloxycarbo- 
nyl etc, such as benzyloxycarbonyl. phenethyloxycarbonyl, etc.). a hydroxy group, etc. Prefen-ed examples of R' include 
a hydrogen, a lower alkyl group (e.g. C^.g alkyl group such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl. etc.). an 
optionally substituted amino group (e.g., an amino group optionally substituted wrth 1-2 same or different substituents 
selected from a lower alkyl group (e.g. C^.q alkyl group such as methyl, ethyl, propyl. Isopropyl, butyl, isobutyl, etc.) or 
an acyl group (e.g. C^e alkanoyi such as formyl. acetyl, propionyl. pivaloyl. etc.; benzoyl, etc.), a hydrazine group, a 5- 
6 membered cyclic amino group (e.g.. piperidino. thiomorphollno. morpholino. piperazino, etc.). etc.), a hydroxy group, 
a lower alkoxy group (e.g. C^,q alkoxy group such as methoxy, ethoxy, propoxy, isopropoxy. butoxy. isobutoxy, etc.). etc. 
[0105] In the above formula, R" and R are preferably hydrogen. 

[0106] In the above formula, R' is preferably hydrogen, a lower alkyl group or an optionally substituted amino group. 
Among others, R' is preferably a lower alkyl group or an optionally substituted amino group, and in particular, an option- 
ally substituted amino group (preferably, amino optionally substituted with C^^ alkyl, etc.). 

[01071 Example of the "nitrogen-containing heterocyclic group' in the "optionally substituted nitrogenncontaining 
heterocyclic group" represented by Z include an aromatic nitrogen-containing heterocyclic group and a saturated or 
unsaturated non-aromatic nitrogen -containing heterocyclic group (aliphatic heterocyclic group), each of which contains, 
besides carbon atoms, at least one nitrogen atom (preferably ^ to 3 nitrogen atoms) as an atom constituting a nng sys- 
tem (ring atom) and may contain 1 to 3 hetero-atoms selected from oxygen atom, sulfur atom, etc. 
[0108] Example of the 'aromatic nitrogen-containing heterocyclic group" include an aromatic mono cyclic nitrogen- 
containing heterocyclic group such as pyrrolyl. oxazolyl. isooxazotyl, thiazolyt, isothiazolyl. imidazolyl (1 H-imidazol-1 -yl. 
lH.imlda2ole-4-yl etc.). pyrazolyl. 1,2.3-oxadia2olyl, 1 ,2,4-oxadlazolyl. 1 .3.4-oxadiazolyl. furazanyl, 1 ,2.3-thiadiazolyl. 
1,2.4-thidiazolyl. l',3.4-thtadlazolyl, 1 .2.3-triazolyl. 1.2.4-triazoIyl (1.2.4-tria2olyt-l-yl, 1 .2.4.tria2olyM-yl. etc.). telrazolyl. 
pyri'dyl (2-. 3-or 4-pyridyl), pyridazinyl. pyrimidinyl. pyrazinyl. triazlnyl. etc. and N-oxide derivative thereof, etc. Among 
others, a 5-6 membered aromatic mono cyclic nitrogen-containing heterocyclic group is preferable. In particular, imlda- 
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zoM. pyridyl, etc. are preferable. 

roi09] Example of the -non-aromatic nitrogen-containing heterocyclic group' include a ^'^^^P^^^'^^^^^^P^l^'T 
educ ng the aboSe-mentloned "aromatic nftrogen^ontaining heterocyclic group- (e.g ^'^'''^^f'^'^^'^^f^^^^ 
nvl eteV and also azetidinyl. pyrrolidinyl. piperidyl (2-. 3- or 4-piperidyl). morphol.nyl. th.omon^holmyl. p.perazlnyl (1- 

pipertzUl etethomoplpeL^^yl. etc. Among other., a 5-6 membered non-aromatic monocyd. n.trogen-conta.nmg 

!or the "hetero^icnc gfolp- represented by the above-mentioned R' can be employed. Also, a nrtrogen atom const.tut- 
ina the nitrogen-containing heterocyclic group may be oxidized. .... ,. =ro r,r»f*™ 

, ran it As Z an amidino group or an optionally substituted nitrogen-containing heterocyclic group, etc. are pretera- 
Se Ild in partLTar, an optional? substituted aromatic nitrogen^ontaining heterocyclic group, etc. are Preferable _ 
rail21 As Compound (I). i.(4-am,dinobenzyl)^-(6.chloronaphthanlene-2-sulfonyl)-2.pipera2inone 1- ^-^midi- 
nobenzyl)-4(7-ch.oro-2H-benzopyran-3-sulfonyl)-2-pipera2mone. ^-l6-<=hloronaphthanlene-2-su«onyH-n-H^^^^ 
d;SpSin.4-yW,ethyll-2-piper^inone, ^-(7-chloro-2H-benzopyrHn-3-sulfonyl).1- 1-(4-wndyOp.pe-^^^^^^^ 

, oSzinone l-ri -(4-pyrldyl)piperidln.4.ylmethyll-4-(4-vlnylbensenesulfonyO-2-p!perazinone. 4-(S^hloronaphthan- 

feSe^TuZyl)- -[4 hyd% (4-pyridyl)pi^ 

l"-hydZH4-tyriio 1-[4-hydroxy-1-(4-pyndyI)p.pend,n^-ylmethyl]-4-{4- 
vinYlbenzenesulfonyl)-2-piperazinone. or a salt there of. etc. are preferable. „H=r»hor,hwc 
^113? The pro-dmg of the Compound (I) means a compound which is converted to Compound (I) underthe phys- 
0 ologL coIdLTo?wifh a reaction Sue to I. enzyme, an gastric acid. etc. in the fiving bodyjh J ^^-^ 

is converted to Compound {!) with oxidation, reduction, hydrolysis, etc. according to an enzyme, a compound wh«:h « 

loZr Exa^XoftSi^orgS Smpfu^d 0) include a compound wherein an amino group of Compound 
subs^^uted wr£" a kyl. Phosphoric acid, etc. (e.g. a compound wherein an amino group of Compound 0) Is su^^^^^ 

.5 futed with eicosanoy alanyl pentylaminocart^onyl. (5-methyl-2-oxo-1.3-dloxoIen-4-yl)methoxycarborj>1 tet^hy^^^^^ 
nyl pyrrolidylmethyH. pivaloyloxymethyl. tert-butyl. etc.); a compound wherein an hydroxy group of Cornpound (1) is 
suited S acy alkyl phosphoric acid, boric acid. etc. (e.g. a compound wherein an hydroxy group of Compound 
J? subJmed wVh acetS. palmitoyl, propanoyl. pivaloyl. succinyl. fumaryl. alanyl. Vlaminomethylca,^^^^^^^ 
e c ): a compound wherein a carboxyl group of Compound (I) is modrtied with ester, amide, etc (e.g. ^ co^ound 

,0 whe ein a carboxyl group of Compound (0 is modified with ethylester, phenylester. carboxyrne hyleste . dimethy^ml- 
romethylester. pivatoyloxymethylester. ethoxycarbonyloxyethylester. P^^J^^^^^'^'-^^^'^^^'^^^^ 
yl)methylester, ^clohexyloxycarbonylethylester. methylamide, etc.); etc. These pro-drug can be produced by EfiLje 

known method from Compound (I). ^ ^ . ♦ ^r.«.,«H n\ i.nHarfhP nhvsi- 

[01151 The pro-drug of Compound (1) may be a compound which is «=°"^«««^„'"%<;°'^°""f. «'> ""^'^f f/.^^^ 

35 ologfcal conditions as described in "Pharmaceutical Research and Developmenf. Vol. 7 (Drug Design), pages 1 63-198 
published in 1990 by Hirolcawa Publishing Co. (Tokyo, Japan). =<, -/-w 

foiiei Examples of the satts of the compound {.) include a pham,aceutically acceptable -f:;^^-^^^^"^^'^ 
addition salt (e.g a salt with acetic acid, lactic acid, succinic acid, maleic acid, tartanc acid, crtnc S'^^or^c aad, 
ascorbic acid benzoic acid, methanesulfonic acid, p-toluenesultonlc acid, cinnarnic -a^, tumanc acid. Pl-^P^^"- 

.0 hydrochloric acid, nitre acid, hydrobromic acid, hydriodic atom acid, sulfamic add sulfuric acid. etcO. a me^a" saK (e^g. 
a salt with sodium, potassium, magnesium, calcium, etc.), an organic base (e.g. irimethylamine, tnethylamine. pyridine, 
picoline, N-methyl-pyrrolidine. N-methylpiperidine. N-methylmorphofine. etc.). etc. H».orihoH h^iow 

foi17) The compounds (I) of this invention can be produced by. for example, methods as described below^ 
[0118] Each compound described in the following reaction schemes may be in the fom, of a salt, unless it inhibits 

45 the reaction and examples of the salts are the same as those of the compound (1). 

Method A 

[0119J A compound (II) or a salt thereof represented by the formula: 

R'SO,Q 

wherein 0 is a halogen atom, and the other symbol is as defined above Is reacted with a compound (II) or a salt thereof 

represented by the formula: 
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HfJ A fj— X'— Y-X-Z (III) 



wherein each symbol is as defined above to produce the compound (I). 

[0120] In the formula (II), Q is a halogen atom. Examples of the halogen atom represented by Q include fluorine, 
chlorine, bromine, iodine, etc. 

[0121] This production method is can-ied out by reacting a compound (II) or a satt thereof wrth a compound (111) or 
a satt thereof. Examples of the salt of the compound (II) or (III) include an acid addition salt with an acid which can form 
an acid addition salt with the above described compound (I). 

[0122] This production method is usually carried out in a solvent Any solvent can be used unless it inhibits thts pro- 
duction method. 

[0123] Examples of the solvent include alcohols such as methanol, ethanot, propanol. tsopropanol. butanol. tert- 
butanol etc., ethers such as dioxane. tetrahydrofuran, diethylether. tert^utylmethylether. diisopropylether, ethylenegly- 
col-dimethylether. etc., esters such as ethyl fomaate, ethyl acetate, n-butyl acetate, etc., halogenated hydrocarbons 
such as dichloromethane, chloroform, carbon tetrachloride, trichloroethylene. 1 ,2-dichIoroethane etc.. hydrocarbons 
such as n-hexane, benzene, toluene, etc., amides such as formamide, N.N-dimethylformamide, N.N-dimethylaceta- 
mide etc.. ketones such as acetone, methylethy I ketone, methylisobutylketone. etc. nrtriles such as acetonitrile. propl- 
onitrile. etc.. etc., and additionally dimethylsulfoxide. sulfolane (tetramethylenesutfone), hexamethylphosphorylamide. 
water, etc., and these can be used singly or as a mixture. 

[0124] If necessary, this production method can be carried out in the presence of a base. Examples of the base 
include an inorganic base such as lithium hydroxide, potassium hydroxide, sodium hydroxide, sodium carbonate, potas- 
sium carbonate, sodium hydrogen carbonate, etc.. a tertiary amine such as triethylamine. tri(n-propyl)amine, tn(n. 
butyl)-amine. diisopropylethylamine. cyclohexyldimethylamine, pyridine, lutidine. rcollidine, N.N-dimethylanifine, N- 
methylpiperidine, N-methylpyrrolidine. N-methylmorpholine, etc. 

[01251 In the reaction, about 1 to about 5 moles (preferably about 1 to about 3 moles) of the compound (II) is used 
per 1 mole of compound (III). ^ ^ ^ ^^^^ 

[0126] The reaction temperature ranges from about -BO<^C to about lOO^C. preferably about -50»C to about 
[0127] The reaction time varies depending on kind of the compound (II) or (III), kind of the solvent, the reaction tem- 
perature, etc. and usually ranges from about 1 minute to about 72 hours, preferably about 1 5 minutes to about 24 hours. 

Method B 

[0128] A compound (IV) or a salt thereof represented by the formula: 



rLOss^^ a >IH (IV) 




wherein each symbol is as defined above is reacted with a compound (V) or a salt thereof represented by the formula: 

Q1-X'-Y-X-Z (V) 

wherein is a halogen atom or a group of the formula: R2-S02-0-(wherein r2 is a lower alkyi group optionally substi- 
tuted with a halogen atom or an optionally substituted phenyl group), and the other symbols are as defined above to 
produce a compound (I) or a salt thereof. 

[0129] This production method is carried out by reacting Compound (IV) with Compound (V). 

[0130] In the above formula (V), example of the halogen atom represented by includes chlorine, bromine, iodine. 

etc. 
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r01311 In the above formula, example of the lower alkyi group opllonally substituted with a halogen atom repre- 
sented by include C, c alkyI 9^"? as '"^'^yl, ethyl propyl, isopropyl. butyl, isobutyl, sec-butyl, tert-butyl, pentyl. 
isopentyl neopentyl, tert-pentyl. Lethylpropyl. hexyl, isohexyl. 1.1-d.methylbutyl. 2.2-dimethylbutyl. 3.3-dimethylbutyl. 
2-ethylbutyl etc. Among others. C,., alkyI group such as methyl, ethyl, propyl, isopropyl. butyl, isobutyl. etc. « prefera- 



ble. 



Die. 

[01321 Examples of the lower alkyI group substituted with a halogen atom (e.g. fluorine, chlorine, bromine, iodine, 
etc ) which is represented by include trichloromethyl, trifluoromethyl. etc. , . , 

roi331 Examples of the subsUtuents for the phenyl group represented by Include a lower a kyl group (same as 
he lower alkyI group represented by the above-mentioned R^), a lower alkoxy group (e.g.C,.6 alkoxy group such as 
methoxy. ethoxy. propoxy. isopropoxy. butoxy, etc.). a halogen atom (e.g. fluorine, chlorine, bromine, lodme, etc.). nitro 
group, cyano group, carboxyl group, etc.. 

roi341 This production method is carried out by reacting compound (IV) wrth Compound (V). 
[01351 This production method is usually carried out in a solvent. Any solvent can be used unless rt inh.b.ts this pro- 
duction '"^l^o^ ^^^^^^ ^^^j,^,^ 33 rnethanol. ethanol. propanol. isopropanol, butariol, tert- 
butanol, etc., ethere such as dioxane, tetrahydrofuran, diethyiether, tert-butylmethylether, diisopropylether emylenegly- 
col-dimethylether, etc.. esters such as ethyl fomiate. ethyl acetate, n-butyl acetate, etc., halogenated hydrocarbons 
S^chTs drchlorometh;ne, chtorofomi, carbon tetrachloride, trichloroethylene. 1 ,2-dichlo«>ethane etc. hydrocarbons 
such as n-hexane. benzene, toluene, etc.. amides such as formamide. N,N-d-imethyltormamide, N.N-d.methylaceta- 
mide etc ketones such as acetone, methylethylketone. methylisobutylketone. etc.. nitriles such as acetomtnle propi- 
onitriie. etc.. etc., and additionally dimethylsulfoxide. sulfolane (tetramethylene-sulfone), hexamethylphosphorylamide, 
water, etc.. and these can be used singly or as a mixture. , , ko^^ 
roi371 If necessary, this production method can be carried out in the presence of a base. Examples of the base 
include an Inorganic base such as alkali metal hydrides (e.g. potassium hydride, sodium hydride, etc.) metal alkoxides 
having 1 to 6 catfeon atoms (e.g. Iithium-ethoxide. Ilthium-tert-butoxide. sodium methoxide. sodium ethoxide. cartooxyl- 
tert-butoxide, etc.). lithium hydroxide, potassium hydroxide, sodium hydroxide, sodium carbonate, potassium carbonate, 
sodium hydrogen carbonate, etc., a tertiary amine such as triethylamine, tri(n-propyl)amine, tri(n-butyl)-am.ne, dnsopro- 
pylethylamine, cyclohexyldimethylamine. pyridine, lutidine. 7-collidine. N.N-dimethylanir.ne, N-methylpipend.ne. N- 
methylpyrroiidlne, Nnnethylmorpholine, etc. . v ^ ^ - 
[0138] In the reaction, about 1 to about 100 moles (preferably about 1 to about 50 moles) of the compound (V) is 

lo.T ' Tre^ZZ^^^^^^^^ ranges from about -SO^Cto about 250^0. preterab, abo. -loocto about2^ 
0140 The reaction time varies depending on kind of the compound (IV) or (V). kind of the solvent, the reac .on 
temperature, etc. and usually ranges from about 1 minute to about 72 hours, preferably about 15 minutes to about 24 
35 hours. 

Method C 

[0141] A compound (V!) or a salt thereof represented by the fomnula: 

rIJi-s^^h— (VI) 

wherein is an optionally substituted alkylene chain, and the other symbols are as defined above and 
a compound (VII) or a salt thereof represented by the formula: 

R3-(C=a)-x3-Y-X-Z (V") 

Wherein X^* is an optionally substituted alkylene chain, R^" is a hydrogen atom or an optionally substituted M-'ocarbon 
group, and the other symbols are as defined above are subjected to reductive aminalion to give a compound (Vllt) or a 
salt thereof represented by the fonmula: 

55 
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VhC^^ (VIII) 

XX3— Y-X-Z 



,0 wherein each symbol is as defined above. 

[01421 In the above fonnula (VII), definition of the optionally substituted hydrocarbon group represented by is the 
same as that shown by 

[01431 Definition of the substituent for the optionally substituted alkylene chain represented by and X is the 
sanne as that shown by R\ 

IS [01441 Preferred examptes of the reducing agent employed in this reductive atkylation include metal hydride com- 
plex such as lithium aluminum hydride, trtmethoxy lithium aluminum hydride, tri-tert-butoxy Irthium aluminum hydride, 
aluminum sodium hydride, triethoxy aluminum sodium hydride, sodium boron hydride, trimethoxy sodium boron 
hydride, sodium boron cyanide hydride, triacetoxy sodium boron hydride, lithium boron hydride, lithium boron cyanide 
hydride, triethyl lithium boron hydride, etc. In addition, catalytic reduction (catalytic hydrogenation) can be employed. 

20 Examples of the catalyst include palladium catalyst such palladium blacic, palladium carbon, palladium-silica gel, palla- 
dium-barium sulfate, etc.. plutinum catalyst such as oxidized plutinum, plutinum carbon, plutinum black, etc., rhodium 
catalyst such as rhodium carbon, rhodium almina, etc., ruthenium catalyst such as oxidized ruthenium, ruthenium car- 
bon, etc., Raney nickel, etc. Said catalytic reduction is carried out under hydrogen atmosphere. Amount of the catalyst 
to be employed ranges from about 0,0001 to about 2 mole, preferably about 0.001 to about 1 mole per mole of Com- 

25 pound (VI). The reduction reaction is usually can-led out under atmospheric pressure but, if necessary, can be carried 
out under high pressure. Said pressure ranges from about 1 to about 1 50 times atmospheric pressure, preferably about 
1 to about 100 times atmospheric pressure. 

[0145] The reaction is usually carried out In a solvent. Any solvent can be used unless it inhibits this production 
method. 

30 [0146] Examples of the solvent include alcohols such as methanol, ethanol. propanol, Isopropanol, butanol, tert- 
butanol. etc.. ethers such as dioxane. tetrahydrofuran, dielhylether, tert-butylmethylether, diis op ropyl ether, ethylenegly- 
col-dimethylether, etc., esters such as ethyl fonmate. ethyl acetate, n-butyl acetate, etc., halogenated hydrocartDons 
such as dichloromethane, chloroform, cari^on tetrachloride, trichloroethylene. 1 .2-dk:hloroethane etc., hydrocarbons 
such as n-hexane, benzene, toluene, etc., amides such as formamide, N.N-dimethylformamide, N,N -dimethyl aceta- 

35 mide. etc., and additionally dimethylsulfoxide. sulfolane (tetramethylene-sulfone). hexamethylphosphorylamide, water, 
etc.. and these can be used singly or as a mixture. 

[0147] If necessary, this production method can be carried out in the presence of an acid. Examples of the acid 
include a mineral arid such as hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, perchlorate, etc., a 
sulfonic acid such as methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, toluenesulfonic acid, camphor 

40 sulfonic acid, etc.. an organic acid such as formic acid, acetrc acid, propionk; acid, etc. 

[0148] In the reaction, about 0.01 to about 20 moles (preferably about 0.1 to about 10 moles) of the acid is used per 
1 mole of Compound (VI), and about 1 to about 2 moles of Compound (VII) is used per 1 mole of Compound (VI). 
[0149] The reaction temperature ranges from about -30**C to about 150**C, preferably about -10**C to about 120*'C. 
[0150] The reaction time varies depending on kind of the compound (VI) or (VII), kind of the solvent, the reaction 

45 temperature, etc. and usually ranges from about 10 minute to about 72 hours, preferably about 15 minutes to about 48 
hours. 

[0151] Compound (VIII) is further reacted with Compound (IX) represented by the formula: 

q2.x^-COOH (IX) 

50 

wherein X"* is an optionally substituted alkylene chain, is a halogen atom or a group of the formula: R -SO^-O- 
(whereln R"* is a lower alkyi group optionally substituted with a halogen atom or an optionally substituted phenyl group), 
and the other symbols are as defined above to produce Compound (X) represented by the formula: 
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, 0. .0 /CO-X^— Q2 



CHC^ (X) 
^X3-Y-X-Z 



wherein each symbol is as defined above. 

[0152) In the above formula, Q^. Is a halogen atom or a group of the formula: R^-S02-0-. 

[0153] In the above formula, example of the halogen atom represented by includes chlorine, bromine, iodine, 
etc. is a lower alkyi group optionally substituted with a halogen atom or an optionally substituted phenyl group! 
Example of the lower alkyl group represented by R** include methyl, ethyl, propyl, isopropyl, butyl, Isobutyl, sec-butyl, 
tert-butyl, pentyl, isopentyl, neopentyl, hexyl, etc. Among others, methyl, ethy). propyl, isopropyl, butyl, etc. are prefera- 
ble. Examples of the halogen atom include fluorine, chlorine, bromine, iodine, etc. At any possible position, 1 to 9 (pref- 
erably 1 to 5) of these halogen atoms may be substituted. 

[01541 Examples of the substituents for the optionally substituted phenyl group include lower alkyl (e.g.. C^,q alkyl 
group such as methyl, ethyl, propyl, butyl, etc.). lower alkoxy group (e.g., C^.g alkoxy group such as methoxy, ethoxy, 
propoxy, butoxy. etc.), a halogen atom (e.g., fluorine, chlorine, bromine, iodine, etc.). nitro group, cyano group, carboxy'l 
group, etc. 

[0155] This production method is earned out by reacting a compound (Vlll) or a salt thereof with a free acid (IX) or 
a salt thereof (inorganic salt, organic salt, etc.) or its reactive derivatives (e.g. acid halide, add azide, Eu;ld anhydride, 
mixed acid anhydride, active amide, active ester, active thioester, etc.). Examples of the salt of the compound (Vltl) 
include an acid addition salt with an actd which can form an acid addition salt with the above described compound (1). 
[01561 Examples of the inorganic salt of the compound (IX) include a salt with alkali metal (e.g. a salt with sodium, 
potassium, etc.). a salt with alkaline earth metal (e.g. a salt with calcium, etc.), etc. Examples of the organic salt of the 
compound (IX) include a salt with trimethylamine, triethylamine, tert-butyldimethylamine, dibenzylmethylamine, benzyl- 
dimethylamine, N,N*dimethylaniline, pyridine, quinoltne, etc. 

[0157] Examples of the acid halide include acid chloride, acid bromide, etc. Examples of the mixed acid anhydride 
Include mono-C,^ alkyl carbonate mixed acid anhydride (e.g. a mixed acid anhydride of a free acid (IX) with monometh- 
ylcartaonate, monoethylcarbonate, monoisopropyl-cartjonate, monoisobutyicarbonate, mono-(tert-butyl)carbonate, 
mono-benzylcarbonate, mono(p-nitrobenzyl)carbonate, monoatlylcarbonate. etc.). Ci.e alicydic carboxylic acid mixed 
acid anhydride (e.g. a mixed acid anhydride of a free acid ((X) with acetic acid, cyanoacetic add. propionk: acid, butyric 
acid, isobutyric acid, vaterc acid, isovaleric acid, pivalic acid, trtfluoroacetic acid, trichloroacetic acid, acetoacelic acid, 
etc.), Cy.n aromatk; carboxylic acid mixed acid anhydride (e.g. a mixed add anhydride of a free acid (IX) with benzoic 
acid, p-toluic acid, p^hlorobenzoic acid. etc.). organic sulfonic acid mixed add anhydride (e.g. a mixed add anhydride 
with methanesulfonic acid, ethanesulfonic acid, benzenesuffonic acid, p-toluenesulfonic acid, etc.). etc. Examples of the 
active amide include an amide with nitrogen-containing heterocyclic compound (e.g. an acid amide of a free acid (IX) 
with pyrazole, Imidazole, benzotriazole, etc.; Said nitrogen-containing heterocyclic compound is optionally substituted 
with.Ci.6 a'M {e.g. methyl, ethyl, propyl, isopropyl, butyl, isobutyl. sec-butyl, tert-butyl, etc.), Ci.g alkoxy (e.g. methoxy. 
ethoxy, propoxy. isopropoxy, butoxy, tert-butoxy. etc.), a halogen atom (e.g. fluorine, chlorine, bromine, etc.), oxo, thioxo! 
C,^ alkytthio (e.g. methylthio, ethytthio, propylthio, butylthio, etc.), etc.), etc. 

[0158] Examples of the active ester include organic phosphoric add ester (e.g. diethoxyphosphoric acid ester, 
diphenoxyphosphoric add ester, etc.), p-nitrophenylester, 2,4-dinitrophenylester, cyano methylester, pentachlorophe- 
nylester, N-hydroxysuccinimide ester. N-hydroxy-phthalimide ester, l-hydnoxybenzotrlazole ester. 6-chloro-1 -hydroxy- 
benzotriazole ester, 1 -hydroxy- lH-2-pyridone ester, etc. 

[01591 Examples of the active thioester include ester with aromatic heterocyclic thiol compound (e.g. 2-pyridyfthiol 
ester, 2-benzo-thiazo!ylthiol ester), etc., said heterocyclic group being optionally substituted with C^.g alkyl (e.g. methyl, 
ethyl, propyl. Isopropyl, butyl, Isobutyl. sec-butyl, tert-butyl. etc.). Ci.g a'koxy (e.g. methoxy. ethoxy. propoxy. isopropoxy, 
butoxy, tert-butoxy, etc.). a halogen atom (e.g. fluorine, chlorine, bromine, etc.), C^.q alkylthto (e.g. methylthio, ethylthio. 
propylthio. butyllhto, etc.), etc. 

[0160] This production method is usually carried out in a solvent and. if necessary, in the presence of a base or a 
condensing agent (e.g. carbodiimides (e.g. OCC. WSC, DIG. etc.). phosphoric acid derivatives (e.g cyanophosphorate 
diethyl. OPPA. BOP-CI, etc.), etc.). 

[01611 Examples of the solvent are the same as those described in the above Method A. 

(0162) In the reaction, about 1 to about 5 moles (preferably about l to about 2 moles) of Compound (IX) is used per 
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1 mole of Compound (VIII). 

[01631 The reaction temperature ranges about -50«C to about 150»C. preferably about -20^0 to about 10»C. 
01641 The reaction time varies depending on kind of the compound (VIM) or {IX). kind of the sotvent and the base, 
the reaction temperature, etc. and usually ranges from about 1 minute to about ICQ hours, preferably about 15 minutes 
to about 4B hours. ^ 

[0165] Compound (X) is subjected to ring-closure reaction to produce Compound (la) or a salt thereof represented 
by the formula: 



IS 
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(la) 



wherein each symbol is as defined above. ..^ ^ 

roi661 This ring-closure reaction is usually carried out in the presence of a base. Preferred examples of the base 
include an inorganic base such as alkali metal hydride (e.g. sodium hydride, potassium hydride, etc.). alkali metal 
hydroxide (e.g. lithium hydroxide, sodium hydroxide, potassium hydroxide, etc.). alkaline earth metal hydroxide (e g. 
25 magnesium hydroxide, calcium hydroxide, etc.). alkali metal catenate (e.g. sodium carbonate, potassium carbonate, 
etc.), alkali metal hydrogen carbonate (e.g. sodium hydrogen carbonate, potassium hydrogen carbonate etc.) etc.,; an 
organic acid such as trimethylamine. triethylamine. diisopropylethylamine. pyridine, plcollne, N-methylpyrro id.ne N- 
methylmorpholine. 1 .5-dia2abicyclo[4.3.01non-5-ene, 1 .4-diazabicyclo[2.2.2)octane. 1 ,8-dia2abicyclo[5.4.01-7- 
undecene. etc.; a lithium salt such as methyl lithium, n-butyl lithium, sec-butyl frthium. tert-butyl lithium, etc.. a Irth.um 
30 amide such as lithium dUsopropytamide, etc. -w ^ • 

[01671 T>iis reaction Is usually carried out In a solvent. Examples of the solvent are the same as those descnbed in 

the above Method A. . v , ^ r ^ ^ 

[0168] In the reaction, about 1 to about 1 00 moles (preferably about 1 to about 20 moles) of the base Is used per 1 
mole of the compound (1). If necessary, the base can be used as a solvent. 
35 [0169] The reaction temperature ranges about -lOO^C to about 2O0»C, preferably about -78«C to about 150 C. 
[0170] The reaction time varies depending on kind of the compound (X). kind of the solvent and the base, the reac- 
tion temperature, etc. and usually ranges from about 1 minute to about 200 hours, preferably about 5 minutes to about 
100 hours. 

40 Method D 

[0171] A compound (XI) or a salt thereof represented by the formula: 

r1J^-S^H-X5— COOH (XI) 

wherein X^ is an optionally substituted alkytene chain, and the other symbols are as defined in the above (1) is reacted 
so with a compound (XII) or a salt thereof represented by the formula: 

Z-X-Y-X^-NHCH2CH(0R5)2 (X") 

wherein X« Is an optionally substituted alkylene chain. is lower alkyl group, and the other symbols are as defined 
55 above to produce Compound (XIII) represented by the formula: 
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n n /X6— Y-X-Z 

r'-^^S^H— X5— CON< /y , , n 



70 wherein each symbol is as defined above. ^ 

[0172] In the above formula, as the substituents in the cptionalty substituted alkyiene chain represented by X and 
X® those exempimed in the optionally substituted hydrocarbon group represented by can be employed. 
[0173] Examples of the lower alkyi group represented by include methyl, ethyl, propyl, isopropyl, butyl, isobutyl. 
sec-butyl, tert-butyl. pentyl, isopentyl neopentyl. hexyl. etc. Among others, methyl, ethyl, propyl. Isopropyl. butyl, etc. 

J5 are preferable. 

[0174] In this reaction, reactive derivatives, reaction condition, reaction solvent, reaction time. etc. to be employed 
are the same as reactive derivatives, reaction condition, etc. exemplified in the reaction between Compound (Vlll) and 
Compound (IX) in the method C or an analogous method thereto, 

[0175] Compound (XIII) is subjected to ring-ciosure reaction to convert Compound (XIV) represented by the for- 
20 mula; 

r'-^^S^ N— X5— Y-X-Z (XIV) 

\ / 



30 



wherein each symbol is as defined above. 

[0176] This ring-closure reaction is usually carried out in the presence of an acid. Examples of such an acid catalyst 
include cartooxylic acid such as formic acid, acetic acid, propionic acid, benzoic acid, etc., sulfonic acid such as meth- 
anesulfonic acid, ethanesulfonic acid, camphor-sulfonlc acid, benzenesulfonk: acid, toluenesulfontc acid. etc.. inorganic 
acid such as hydrochloric acid, hydrobromic acid, sulfuric acid. etc. Also, polyphosphoric acid, potyphosphonc acid 
ester, etc. can be used as the acid, and in some cases, Lewis acid can be used. Examples of the Lewis include tin chlo- 
ride, zinc chloride, aluminum chloride, titanium chloride, tin bromide, zinc bromide, aluminum bromide, titanium bro- 
mide, and additionally, boron fluoride, etc. 

[0177] This reaction is usually carried out in a solvent As the solvent, any solvent can be selected as far as it does 
not inhibit the reaction. Examples of the solvent are the same as those described in the above Method A. 
[0178] In the reaction, about 0.001 to about 1 00 moles of the acid is used per 1 mole of the compound (XIV). If nec- 
essary, the acid can be used as a solvent. 

[0179] The reaction temperature ranges about -50«C to about 200''C. preferably about -30°C to about 150-C. 
[01 BO] The reaction time varies depending on kind of the compound (XIV) or the acid, kind of the solvent, the reac- 
tion temperature, etc. and usually ranges from bout 1 0 minutes to about 48 hours, preferably about 20 minutes to about 
24 hours. 

[0181] If desired, Compound (XVI) is sublected to reduction of a double bond to produce Compound (lb) or a salt 
thereof represented by the formula: 



{ 1 (lb) 
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wherein a combination of a broken line and a full line is a single bond or a double bond, and the other symbols are as 
defined above. 

[0182] Examples of the reduction agent to be employed for this reduction reaction include metal and acid. Exam- 
ples of the metal include zinc, tin. iron, etc., Examples ot the acid include cartoxylic acid such as fomnic acid, acetic 
acid, propionic acid, etc., inorganic acid such as hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, 
etc.,' etc. Also, reduction method mentioned In method C or an analogous method thereto can be employed, and any 
other reduction method may be employed as far as it does not inhibit the reaction. 

[0183J This reaction is usually earned out In a solvent. As the solvent, any solvent can be selected as far as it does 

not inhibit the reaction. Examples of the solvent are the same as those described in the above Method C. 

[0184] In the reaction, about 0.1 to about 100 moles of the reduction agent is used per 1 mole of the compound 

(XIV) 

[0185] The reaction temperature ranges about -30**C to about 150<'C. preferably about -10'^C to about 120*'C. 
[0186] The reaction time varies depending on kind of the compound (XiV), kind of the reduction agent, kind of the 
solvent, the reaction temperature, etc. and usually ranges from bout 10 minutes to about 72 hours, preferably about 1 5 
minutes to about 48 hours. 

Method E 

[0187] Compound (XX) or a salt thereof represented by the formula: 




wherein each symbol is as defined above is reacted with Compound (XXI) or a salt thereof represented by the fomiula: 

2-X^-Q^ 

wherein X^ is a chemical bond or an optionally substituted alkylene chain, is a halogen atom or a group of the for- 
mula: R^-SOg-O- (wherein is a lower alkyi group optionally substituted with a halogen atom or an optionally substi- 
tuted phenyl group), and the other symbol is as defined above to produce Compound (I). ^ 
[0188] In the above formula, as the substituents for the optionally substituted alkylene chain represented by X . 
those exemplified in the optionally substituted hydrocarbon group represented by R^ can be employed. 
[0189] In the above formula, examples of the halogen atom represented by include chlorine, bromine, iodine, 
etc. 

[0190] In the above formula, R^ is a lower alky I group optionally substituted with a halogen atom or an optionally 
substituted phenyl group. Examples of the lower alkyl group represented by R^ include methyl, ethyl, propyl, isopropyl. 
butyl. Isobutyl, sec-butyl, tert-butyl. pentyl. isopentyl, neopentyl, hexyl, etc., and among others, methyl, ethyl, propyl, iso- 
propyl, butyl, etc. are preferable. Examples of the halogen atom include fluorine, chlorine, bromine, iodine, etc. Said 
lower alkyl group may have at optional position 1 to 9. preferably 1 to 5 halogen atoms. Examples of the substituents in 
the optionally substituted phenyl group Include lower alkyl (e.g., Ci.6 alkyl group such as methyl, ethyl, propyl, butyl, 
etc.). lower alkoxy group (e.g., Ci.g a'koxy group such as methoxy, ethoxy, propoxy. butoxy. etc.). a halogen atom (e.g., 
fluorine, chlorine, bromine, iodine, etc.), nitro group, cyano group, cartoxyl group, etc. 

[0191] This method is to produce Compound (I) by reacting compound (XX) or a salt thereof with Compound (XXI) 
or a salt thereof. 

[01921 This reaction is usually carried out in the presence of a base. Preferred examples of the base include an 
inorganic base such as alkali metal hydride (e.g. sodium hydride, potassium hydride, etc.). alkali metal hydroxide (e.g. 
lithium hydroxide, sodium hydroxide, potassium hydroxide, etc.), alkaline earth metal hydroxide (e.g. magnesium 
hydroxide, calcium hydroxide, etc.). alkali metal cart»onate (e.g. sodium carbonate, potassium carbonate, etc.). alkali 
metal hydrogen carbonate (e.g. sodium hydrogen carbonate, potassium hydrogen carbonate, etc.), etc.; an organic 
acid such as trimethytamine, triethylamine. diisopropylethylamine, pyridine, picoline. N-methylpyn-olidine. N-methylmor- 
pholine. 1.5-diazabk:yclo[4.3.0]non-5-ene. 1 .4-dia2abicycIo[2.2.2Joctane. 1 ,8-dia2abicyclo[5.4.0]-7-undecene. etc.; a 
lithium salt such as methyl lithium, n-butyl lithium, sec-butyl lithium, tert-butyl lithium, etc.. a lithium amide such as lith- 
ium diisopropylamide. etc. 
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[0193] This reaction is usually carried out in a solvent. Examples of the solvent are the same as those described in 
the above Method A. 

[0194] This reaction is usually carried out in a solvent. Examples of the solvent are the same as those described in 
the above Method A. 

5 [0195] In the reaction, about 0.8 to 10 moles (preferably about 0.9 to 5 moles) of Compound {XXI) and about 1 to 
about 100 moles (preferably about 1 to about 20 moles) of the base are used per 1 mole of the compound (XX). If nec- 
essary, the base can be used as a solvent. 

[0196] The reaction temperature ranges about -10*C to about 250*'C. preferably about -S^C to about 200'»C. 
[0197] The reaction time varies depending on kind of Compound (XX), Compound (XXI), base or solvent, the reac- 
w tion temperature, etc. and usually ranges from about 1 minute to about 200 hours, preferably about 5 minutes to about 
100 hours. 

[0198] This reaction can be promoted, in some cases, by using metal catalyst Examples of the catalyst include pal- 
ladium compound [e.g., palladium acetate. tetrakis(triphenylphosphine)palladium, bts(triphenylphosphine)palladium 
chloride. dichtorobis(triethylphosphtne)palladium, tris(diben2yndeneacetone)dipalladium-2,2'-bis{diphenylphosphino)- 
15 1.1-binaphthyl. etc.]. nickel compound [e.g.. tetrakis(triphenylphosphine)nk:kel. bls(triethylphosphine)nicket chloride, 
bis(triphenylphosphine)nickel chloride, etc.), rhodium compound [e.g., tri(triphenylphosphine)rhodium chloride, etc.], 
etc. Among others, palladium compound is preferable. The amount of the catalyst is about 1 to 0.000001 mole, prefer- 
ably about 0.1 to 0.00001 mole per 1 mole of the compound (XX). 
[0199] Also, this reaction may be carried out in a sealed tube. 

20 

Method F 

(Production of Compound (I) wherein Z is an optionally substituted amidino group) 
25 [0200] Compound (XXII) or a salt thereof represented by the formula: 

0 
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Rl-5^S^rf A (j— X'— Y— X— CN (XXII) 



35 wherein each symbol is as defined above is reacted with Compound (XXlll) or a salt thereof represented by the formula: 

R^OH 

v^herein is lower alkyi group to produce Compound (XXIV) or a salt thereof represented by the formula: 

40 

RLO^S^l/Tt— X'— Y— X-C^" (XXIV) 



wherein each symbol is as defined above, followed by reacting Compound (XXIV) or a salt thereof with amine to pro- 
50 duce Compound (XXV) or a salt thereof represented by the formula: 
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.0 

r!J:?S^/aN— X'— Y— X— Z' (XXV) 

wherein T is an optionally substituted amidino group, and the other symbols are as defined above. 

[0201] In the above formula, examples of the lower alkyi group represented by include C1.4 alkyi group such as 

methyl, ethyl, propyl, isopropyt, butyl, isobutyl, sec-butyl, tert-butyl, etc.. etc. 

[02021 The reaction between Compound (XXII) and Compound (XXttI) is usually carried out in a solvent. Examples 
of the solvent are the same as those described In the above Method A. Compound (XXIH) itself may be used as the 
solvent. 

[02031 This reaction is usually carried out in the presence of an acid (e.g.. inorganic acid such as hydrochloric acid, 
hydrobromic acid, sulfuric acid, phosphoric acid, etc, organic acid such as methanesuKonic acid, toluenesulfonk; acid, 
trifluoromethanesulfonlc acid, acetic acid, trifluoroacetlc acid. etc.. etc.) and an base (e.g., potassium methoxide, 
sodium methoxide, sodium ethoxide, potassium-tert-butoxide. etc.). The amount of the acid and the base varies cata- 
lytic amount (about 0.001 mole) to excess amount. 

[02041 The reaction temperature ranges about -50*'C to about 1 SC'C. preferably about -20*'C to about 1 00*'C. 
[0205] The reaction time varies depending on kind of Compound (XXII), acid, base or solvent, etc. and usually 
ranges from bout 30 minutes to about 240 hours, preferably about 1 hour to about 120 hours. 

[0206] Compound (XXIV) is reacted with amine (e.g.. primary amine such as ammonia; methylamine, ethylamine, 
propylamine, etc.; secondary amine such as dimethylamine. diethylamine. methylethylamine, di-n-propylamine, pyrrofi- 
dine, piperidine, morpholine, piperazine, 1-methylpiperazine, etc.; aromatic amine such as aniline, N-methylaninne, 
etc.; etc.) to produce Compound (XXV). 

[0207] This reaction is usually carried out in a solvent. As the solvent, any solvent can be employed as far as it does 
not inhibit the reaction. The solvent exemplified in the above Method A is preferably employed, and also amine itself 
may be employed as the solvent 

[0208] The reaction temperature ranges about -20*»C to about 200**C, preferably about -1 0°C to about 150'C. 
[0209] The reaction time varies depending on kind of Compound (XXIV). amine and solvent, and reaction temper- 
ature and usually ranges from bout 30 minutes to about 240 hours, preferably about 1 hour to about 120 hours. 
[0210] If necessary, this reaction may be carried out In a sealed tube. 

[0211] Compounds(ll), (111). (IV). (V). (VI). (VII), (IX). (XI), (XII). (XX) and (XXII) employed as starting materials in 
the above-mentioned production methods A to F can be produced per se known methods or a similar method thereto. 

a) Production Method of Compound (II) 

halogenation 



(XV) naiogenauon q 



wherein each symbol is as defined above 

This production method is earned out by halogenation of the compound (XV) or a salt thereof (inorgank; salt, 
organic salt. etc.). Examples of the inorganic salt of the compound (XV) Include a saK with alkali metal (e.g. a salt 
with sodium, a salt with potassium, etc.), a salt with alkaline earth metal (e.g. a salt with calcium, etc.). Examples 
of the organic salt of the compound (XV) include a salt with trialkylamine (e.g. a salt with trimethylamlne, triethyl- 
amine. tert-butyldimethylamine, diisopropytethytamine. etc.), a salt with an aromatic tertiary amine (e.g. N.N- 
dimethylaniline. pyridine, quinonne. etc.). Examples of a halogenating agent include e.g. phosphorous trichloride, 
phosphorous tribromlde, phosphorous pentachloride, phosphorylchloride, phosphorylbromide, thionytchloride, 
thionyl-bromtde, etc. 

The reaction can be carried out by reacting the compound (XV) with the halogenating agent as a solvent in the 
presence of no other solvent. The reaction can be carried out in the presence of a solvent other than the halogen- 
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ating agent. Examples of Ihe solvent include ethers such as dioxane, tetrahydrofuran. diethylether, diisopropyl- 
ether, dimethoxyethane. etc.. halogenated hydrocarbons such as dichloromethane, chloroform, carbon tetrachto- 
ride. etc.. aromatic hydrocarbons such as benzene, toluene, chlorobenzene, etc., amides such as N.N-dimethylfor- 
mamide, N,N-dimethyIacetamide, etc.. and these can be used singly or as a mixture. 

In the reaction, about 1 to about 100 moles (preferably about 1 to about 50 moles) of the halogenating agent 
is used per 1 mole of the compound {XV). The reaction temperature ranges about -30*'C to about 250*C. preferably 
about -20*'C to about 200°C. The reaction time varies depending on kind of the compound (XV) or the halogenating 
agent, kind of the solvent, the reaction temperature, etc. and usually ranges from about 1 minute to about 72 hours, 
preferably about 10 minutes to about 24 hours. 



wherein is a hydrogen atom or a leaving group, and the other symbols are as defined above. 

This production method is earned out by reacting the compound (XVI) with chlorine or bromine In the presence 
of water to produce the compound (II). Examples of the leaving group represented by include -CN. -SOgNa, - 
C{=NH)NH2. etc. 

The reaction is usually carried out in a solvent and preferable examples of the solvent Include that exemplified 
in the above described Method C. In the reaction, about 1 to about 1 00 moles, preferably about 1 to about 30 moles 
of the chlorine or bromine is used per 1 mole of the compound (XVI). The reaction temperature ranges from about 
-50°C to about 180*0, preferably about -SO^C to about 120'*C. 

There are many known methods for producing a sulfonyl chloride or a sutfonyl bromide of the compound (II) 
and the compound (ll)can be produced by the above method i) or \\) as well as known methods or a method similar 
thereto. 

b) Production method of the compound (ill) 



ii) 



-s— 

(XVI) 
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(XVI M) 



(Ml) 



wherein is a protective group for an amino group, and other symbols are as defined above. 

In the above formulas (XVII) and (XVIII), examples of the protective group represerrted by include formyi 
group. Ci.6 alkyl-carbonyl group (e.g. acetyl, ethylcarbonyl, etc.), benzyl group, tert-butyloxycarbonyl group, benzy- 
loxy-carbonyl group, allyloxycarbonyl group, phenylcarbonyl group, Ci.g alkoxy-carbonyl group (e.g. methoxycarb- 
onyl. ethoxycarbonyl, etc.), Oj.^q aralkyl-carbonyl group (e.g. benzylcarbonyl, etc.), trityl group, etc. These 
protective groups may be substituted with 1 to 3 halogen atoms (e.g. fluorine, chlorine, bromine, etc.), nitro group, 
etc. 

This production method is carried out by reacting the compound (XVII) with a compound (V) or its reactive 
derivatives to produce the compound (XVIII). 

The reaction conditions of this production method is the same as described in the above Method B. The com- 
pound (lll)can be produced by removing the protective group of the compound (XVIIt). 

Examples of the method for removing the protective group include per se known methods or a similar method 
thereto such as a method using acid, base, reduction, ultraviolet light, palladium acetate, etc. 
C) Production method of the compound (IV) 
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wherein each symbol is as defined above 

This production method is carried out by reacting the compound (H) with the compound (XIX) to produce the 
compound (IV). The reaction conditions of this production method is the same as described in the above Method A. 

Compounds (V). (Vl), (VII), (IX), (XI) and (Xll)can be produced by per se known methods or a similar method 
thereto. 

When a free form of the compound is obtained according to the above described reaction of the present inven- 
tion, (t can be transformed into a salt thereof according to perse methods. When a salt of the compound is obtained 
according to the above described reaction of the present invention, it can be transformed into a free fomn or the 
other salt thereof according to perse methods. 

The compound (I) of this Invention can be isolated from the reaction mixture by a conventional methods sepa- 
ration and purification means such as extraction, concentration, neutralization, filtration, recrystallization, column 
chromatography and thin-layer chromatography, etc. 

Salts of the compound (I)can be obtained by per se known methods, e.g. by adding an inorganic acid or an 
organic acid to the compound (I). 

When stereoisomers are present in the compounds (I), individual isomers or a mixture thereof are included in 
the scope of the present invention. And. it is also possible to produce these isomers indmduaily The compounds 
(I) may be hydrated. 

The compounds (I) of the present Invention or a salt thereof are low in toxicity. Inhibit FXa and have anti-coag- 
ulant activity, therefore, they are useful for the prevention or treatment of the following diseases of animals, espe- 
cially mammals (e.g. human, monkey, cat. pig, horse, cow, mouse, rat, guinea pig. dog, rabbit, etc.). Among others, 
they are preferably used for the prevention or treatment of cerebral infarction (especially due to atrial fibrillation or 
auricular fibrillation), deep vein thrombosis, etc. 

brain: 

cerebral infarction due to atrial fibrillation or auricular fibrillation, acute ischemic cerebral apoplexy, acute phase 
cerebral thrombosis, cerebral vasospasm after subarachnoid hemon-hage, Alzheimer's disease, transient 
ischemic attack (TIA). mixed dementia, cerebrovascular dementia, multiple sclerosis dementia, 
heart: 

acute cardiac infarction, sequela of cardiac infarction, unstable angina, angina pectoris, reobturation or reste- 
nosis after coronary intervention such as slent-indwelling or PTCA (percutaneous transluminol coronary angi- 
oplasty) and atherectomy, 
periphery: 

deep vein thrombosis, peripheral arterial obstruction, adult respiratory distress syndrome (ARDS), chronic 
renal disease (e.g. diabetk: nephropathy, chronicglomerulonephrits. IgA nephropathy, etc.). diabetic cardiovas- 
cular disorder, diabetic pain, diabetic nerve disturiDance, 
others: 

thrombocytopenia due to dialysis, thrombocytopenia due to operation, arteriosclerosis, cancer metastasis, 
systemic inflammation reaction syndrome (SIRS) or disseminated intravascular coagulation (DIG) in cases of 
pancreatitis, sepsis or cancer, rejection after transplantation, protecting organs or ameliorating function of 
organs after transplantation, various organ failure (e.g. pulmonary failure, hepatic insufTiciency, renal insufli- 
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ciency, heart failure, etc.) due to shock or DIC. 

The compound (I) of the present invention or a salt thereof, alone or in combination with a pharmaceutically 
acceptable carrier, can be administered orally or non-orally. 

Examples of pharmaceutical composition for oral administration of the compound (I) or a salt thereof of the 
present invention include tablets (Including sugar-coated tablet, film coating tablet), pills, granules, powders, cap- 
sules (including soft capsules), syrups, emulsions, suspensions, etc. Examples of pharrnaceut«al composition for 
non-oral administration of the compound (I) or a salt thereof of the present invention include injections. Inhalations, 

drops, suppositories, etc. . 

The content of the compound (I) or a salt thereof in the pharmaceutical composition of th,B invention vanes 
depending on a kind of fomiulations and is usually about 2 to about 85 weight %. preferably about 5 to about 70 
weight % based on the total weight of the composition. 

Examples of the method for preparing the pharmaceutical compositions containing the confound (I) or a salt 
thereof Include conventional methods generally used In this field. In addition, when the above phamiaceuttcal com- 
positions are prepared, if desired, an appropriate amount of an additive which is generally used in this field such as 
an excipient. a binder, an disintegrating agent, a lubricant, a sweetener, a surfactant, a suspending agent, an emul- 
sifier, etc. can be added to the compositions. 

For example a tablet of the compound (I) or a salt thereof may contain an excipient. a binder, an disintegrating 
agent a lubricar^t. etc.; a pill and a granulate may contain an excipient. a binder, an disintegrating agent, etc.; a 
powder and a capsule may contain an excipient. etc.; a syrup may contain a sweetener, etc.; and an emulsion or a 
suspension may contain a surfactant, a suspending agent, an emulsifier. etc. ^ 

Examples of the excipient Include lactose, sucrose, glucose, starch, fine crystalline cellulose, powdered glycyr- 
rhiza. mannitol. sodium hydrogen cartDonate, calcium phosphorate, calcium sulfate, etc. 

Examples of the binder Include 5 to 10 weight % of starch solution, 1 0 to 20 weight % of gum arable or gelatin 
solution, 1 to 5 weight % of traganth solution, cart>oxy-methylcellulose solution, sodium alginate solution, glycerin, 
etc. 

Examples of the disintegrating agent include starch, calcium carbonate, etc. 

Examples of the lubricant Include magnesium stearate, stearic acid, calcium stearate, purified talc, etc. 
Examples of the sweetener include glucose, fructose, invert sugar, sorbitol, xylitol, glycerin, simple syrup, etc. 
Examples of the surfactant include sodium lauryl sulfate, polysoitate 80. sorbitan mono fatty add ester, stearic 

^''"'exSs ofihe suspending agent include gum arable, sodium alginate, sodium cartoxymethylseHulose, 
methyl-cellulose, bentonite, etc. 

Examples of the emulsifier include gum arabic, traganth. gelatin, polysorbate 80, etc. 

In addition, when the above described compositions are prepared, if desired, an appropriate amount of a col- 
orant, a preservative, an aromatic, a flavoring, a stabilizer, a viscous liquid, etc. which is generally used In this field 

can be added to the compositions. ^ . , »w -i 

The compound (I) or a salt thereof Is low In toxicity and stable, therefore, it can be used safely. While the dos- 
age Of the compound (I) can vary wrth condition or body weight of patients, kind of the compound and administra- 
tion routes, etc., when administered orally to a patient of e.g. thrombosis, a dose of about 1 to 1000 mg. preferably 
about 3 to 300 mg, more preferably about 1 0 to 200 mg of the acth/e ingredient [compound (I)], per day or an adul 
(body weight- about 60 kg), divided into one to three times, is appropriate. When Compound (I) or a salt thereof of 
the present invention is non-orally administered, it is usually administered in the form of a liquid preparation (e g. 
injection). Unit dosage varies depending on subject or organ to be administered, symptom, administration route, 
etc For example, when administered in the form of injection, preferred unit dosage of intravenous injection usually 
ranges from about 0.01 mg to about lOOmg, preferably about 0.01 to about 50mg, and more preferably about 0.01 
to about 20mg per 1 kg body weight. Examples of the Injection Include subcutaneous injection, intracutaneous 
Injection, Intramuscular injection, drip, etc. Examples of the sustained release preparation include lontophoresa 

transdermal agent, etc. _ . .. , ..^.i^^ 

Said injection is prepared by a Eerse known method, that Is, by dissolving, suspending or emulsifying Com- 
pound (I) or a salt thereof of the present invention In sterilized aqueous or oily solution. 

Examples of the aqueous solution for injection include isotonic solution comprising isotonic sodium chloride 
solution brine, glucose or the other additive (e.g., D-sorbitol. D-mannrtol, sodium chloride, etc ). etc., and an appro- 
priate solubilizing agent such as alcohol(e.g. ethanol). polyalcohol (e.g. propyleneglycol, polyethylenegtycol . non- 
ionic surfactant (e.g. polysorbate 80. HCO-50), etc. may be combined. Examples of the oily solution for Injection 
include sesame oil. soybean oil. etc.. and an solubilizing agent such as benzyl benzoate. benzylalcohol. etc. may 
be combined. In addition, buffer solution (e.g., phosphoric acid buffer solution, sodium acetate buffer soluUon), 
soothing agent (e.g., benzalkonlum chloride, procaine hydrochlide. etc.). stabilizing agent (e.g.. human serum albu- 
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min, polyelhyleneglycol, etc.). preservative (e.g., benzylalcohol. phenol, etc.). etc. may be combined. Thus pre- 
pared injection is usually filled in ampoules. 

The pharmaceutical composition of the present invention can be used in combination with thrombolytic drug 
(e.g. tPA. heparin, urokinase, etc.), drug for treating Alzheimer's disease (e.g. Avan. Calan, etc.). drug for treating 
cholesterol (e.g. HMG-CoA reductase inhibitor such as Simvastatin. Pravastatin, etc.. etc.). TG (triglyceride) 
decreasing drug (anlihyperlipoproteinemic agent) (e.g. Clofibrate, etc.), All antagonist (e.g. Slopress. etc.), anti- 
thrombocyte drug (e.g. aspirin, etc.), Ca antagonist (e.g. Calslot. Amiodipine. etc.) etc., or the active ingredient of 
these drugs can be to the pharmaceutical composition of the present invention. 



Best mode for carryin g out the invention 

[021 2] The present invention is hereinafter described in more detail by means of the following Reference Examples, 
Working Examples, Formulation Examples and Experimental Examples which are not to be construed as limitative. 
Also, the following embodiments may be modified with in the scope of the present invention. 

[021 3] Elution in column chromatography in Reference Examples and Working Examples was observed under TLC 
CThin Layer Chromatography). In the TLC observation, silica gel 6OF254 (Merck) was used as a TLC plate, a solvent 
used for eluting the column chromatography was used as a mobile phase, and UV detector was employed for detection. 
Kiesel gel 60 (70 to 230 mesh; Merck) was used for a silica gel column chromatography, 

[0214] The proton nuclear magnetic resonance (^H-NMR) spectra were recorded on a Varian Gemini-200 (200 
MHz) spectrometer using tetramethylsilane as the internal or external standard and chemical shifts are given in 5 values 
(ppm). Infrared (IR) spectra were recorded on a Shimazu FTZR-8200 spectrometer. In the mixture of solvents, the value 
indicated in the parentheses means the ratio of volume of each solvent. The symbol % for the solution stands for grams 
per 100 ml solution. The following abbreviations were used in Reference Examples and Working 



Examples: 



[02151 



s : singlet 

d : doublet 

t : triplet 

q : quartet 

quint : quintet 

Abq : AB type quartet 

dd : double doublet 

m : murtiplet 

br : broad 

brs : broad singlet 

J : coupling constant 

WSC : water soluble carbodiimide 

THF : tetrahydrofuran 

DMF : dimethylfonnamide 

DM SO : dimethylsulfoxide 

Fmoc : 9-fluorenylmethoxycarbonyl 

HOBt : 1-hydroxybenztriazole 

DBU : 1,8-dlazabucyclo[5,4.01-7-undecene 



Working Example 
Reference Example l 



4-fnaphthalene-2-sulfonyn-2-pi pfirazinone 

[0216] In THF (30ml) and DMF (30ml) was dissolved 2-piperazinone (3.00 g), and to the solution was addec 
ethylamine (5.02 ml). Under ice-cooting, to the mixture was added dropwise a solution of naphthalene-2-sulfonyl c 
ride (8.16 g) in THF (30 ml), and the mixture was stirred at room temperature overnight. The reaction solution 
concentrated under reduced pressure. The residue was washed with sodium hydrogen carbonate solution, water 
ethanol to give pale brown crystals of the title compound (7.15 g). 
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'H-NMR (CDCI3) 6 :3.33-3.50(4H, m). 3.79{2H. s). 6.05(1 H. brs). 7.63-7.B0 (3H. m). 7.90-8.07 (3H. m). 8.38 (1H. 
s). 

IR(KBr): 1680. 1651, 1342, 1323, 1165cm"^ 
Reference Example 2 

i-f4-cvanoben2vn-4WnaDhthalene-2-sutfon vl)-?-piperazinone 

[0217] In THF (8 ml) and DMF (2 ml) was dissolved 4-(naphthalene-2-sulfonyl)-2-pipera2inone (290 mg), and to the 
mixture was added sodium hydride {60 % in oil. 40 mg) at 0<»C. The mixture was stirred for 20 minutes, to which was 
added 4-cyanoben2ylchloride (1 82 mg), and the mixture was stin-ed at room temperature overnight. The reaction solu- 
tion was concentrated under reduced pressure. To the residue was added water, and the mixture was extracted with 
ethyl acetate. The extract was washed wHh saturated brine, dried (MgS04) and concentrated. The residue was purified 
with Sirica gel column chromatography (hexane : ethyl acetate = 1 : 2) to give colorless crystals of the title compound 
(220 mg). 

^H-NMR (CDCb) fi: 3-30-3.42 (4H. m). 3.89 (2H. s). 4.58 (2H. s). 7.24 (2H. d. J=8.5Hz), 7.53 (2H. d. J=8.5Hz), 
7.68-7.80 (3H. m). 7.92-8.04 (3H, m). 8.38 (1H. d, J=1.6Hz). 
IR(KBr): 2228, 1649, 1346, 1171 cm'\ 

Reference Example 3 



4-ftert-butoxvcarbonvlV2-piDera2inone 

[0218] To a mixture of 2-pipera2inone (3.00 g) and acetonltrlle (50 ml) was added dropwise di-tert-butylbicartonate 
(7.20 g). and the mixture was stirred at room temperature for 2 hours. The reaction solution was concentrated under 
reduced pressure, and precipitated crystals were washed with ether to give colorless crystals of the title compound 
(4.77 g), 

1H-NMR (CDCI3) 5: 1.48 (9H. s), 3.33-3.43 (2H. m), 3.64 (2H. t, J=5.3H2). 4.09 (2H, s). 6.40-6.70 (1H. br). 
IR(KBr): 1696. 1657. 1400, 1341, 1130 cm'^. 



Reference Example 4 



35 4-ftert-butoxvcarbonvlV1-f4-cvanobenzvlV2-plDer a2inone 

[0219] Accorxling to a similar method described in Reference Example 2, the title compound of colorless crystals 
was obtained from 4-(tert-butoxycarbonyO-2-pipera2inone and 4-cyanobenzylchloride. 

40 ^H-NMR (CDCI3) 5: 1.47 (9H. s). 3.28 (2H, t. J=5.2H2). 3.63 (2H. t, J=5.5H2). 4.18 {2H. s), 4,66 (2H. s). 7.37 (2H, 

d. J=8.0H2). 7.64 (2H, d, J=8.0Hz). 
IR (KBr): 2224. 1690. 1651, 1424, 1341, 1246 cm'^ 

Reference Example 5 

45 

1 -f4-cvanobenzy n-2-pipera2inone hvdrochloride 

[0220] A solution of 4 N hydrochloric add in ethyl acetate (20 ml) was added to 4-(tert-butoxycarbonyl)-1 -(4- 
cyanobenzyl)-2-piperazinone (1 .1 0 g). and the mixture was sttn-ed at room temperature for 1 hour. The reaction solution 
50 was concentrated. The residue was crystallized from ethanol to give colorless crystals of the title compound (812 mg). 

iH-NMR (DMSO-de) 5: 3.35-3.55 (4H. m), 3.81 (2H, s). 4.67 (2H. s). 7.51 (2H. d. J=8.2Hz). 7.82 (2H. d. J=8.2Hz). 
9.75 (2H. brs). 

IR (KBr): 2928, 2238, 1657, 1491, 1414. 1350 cm"V 

55 
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Reference Example 6 

4-f6^h)oronaphthalene-2-sulfonvlV1-f4-cvanoben? viV2-piDerazinone 

5 [0221] A mixture of 1-(4-cyanoben2yl)-2-piperazinone hydrochloride (201 mg), 5-chIoronaphthalene-2-su!fonyl 
chloride (205 mg). sodium carbonate (254 mg). ethyl acetate (10 ml) and water (5 ml) was stirred at room temperBture 
for 2 hours. The organic layer was separated, washed with saturated brine, dried (MgS04) and concentrated. The res- 
idue was purified with silica gel column chromatography (hexane : ethyl acetate = 1 : 2) to give pale pink crystals of the 
title compound (239 mg). 

10 

^H-NMR (CDCI3) 5: 3.37(4H, s), 3.87 (2H. s), 4.59 (2H, s), 7.28 (2H. d. J=7.9H2), 7.57 (2H. d, J=7.9H2), 7.58-7.66 
(1H. m), 7.78 (IH. dd. J=8.5, 1.9Hz). 7.90-7.98 (3H, m). 8.35 (1H, d, J=1.4H2). 
IR{KBr): 2232. 1651, 1346. 1167, 698 cm ''. 

IS Reference Example 7 

4-ftert-butoxvcarbonvn-1-f3-cvanob enzvlV2-Dlperazinone 

[0222] According to a similar method described in Reference Example 2, the title compound of colorless crystals 
20 was obtained from 4-(tert-butoxycart3onyl)-2-pipera2inone and 3-cyanobenzylchloride. 

'H-NMR (CDCI3) 5: 1 .47 (9H. s), 3,28 (2H. t, J=5.4Hz), 3.64 (2H. t. J=5.4Hz). 4.18 (2H, s), 4.64 (2H, s). 7.42-7.68 
(4H, m), 

IR (KBr): 2230. 1705, 1653. 1420. 1342, 1240 cm""", 

25 

Reference Example 8 

1 W3-cvanob enzvn-2-Dlpera2inone hydrochloride 

30 [0223] According to a similar method described in Reference Example 5, the title compound of colorless crystals 
was obtained from 4-(tert-bUoxycarbonyl)-1-{3<:yanobenzyl)-2-piperazinone. 

^H-NMR (DMSO-dg) 5: 3.37-3.57 (4H. m). 3.81 (2H. s), 4.65 (2H. s), 7.52-7.80 (4H. m). 9.85 (2H. brs). 
IR (KBr): 2926, 2230, 1659. 1497, 1429. 1354, 693 cm'"". 

35 

Reference Example 9 

4-f6-chloronaDhthalene-2-5ulfonyn-1-f3^vanobenzvn-2-piperazinQne 

40 [0224] According to a similar method described in Reference Example 6, the title compound of pate pink crystals 
was obtained from 1-(3-cyanobenzyt)-2-ptperazinone hydrochloride and 6-chloronaphthalene-2-sulfonyl chloride. 

^H-NMR (CDCI3) 5: 3.37 (4H. s), 3.86 (2H, s), 4.56 (2H, s). 7.38-7.49 (3H. m). 7.52-7.65 (2H. m). 7.78(1 H. dd. 
J=8.8, I.8H2). 7.90-7.98 (3H, m). 8.35 (1H. s). 
45 IR (KBr): 2230. 1647. 1350, 1165, 963, 698 cm*^ 

Reference Example 10 

4-ftert-butoxvcarbonvn-1-(trans-4-cyanocvclohexan-1-vlmethvn-2-p iperazinone 

50 

[0225] According to a similar method described in Reference Example 2, the title compound of colorless crystals 
was obtained from 4-(tert-butoxycarbonyl)-2-piperazinone and trans-4-cyano-l -methanesulfonyloxymethylcy- 
clohexane. 

55 ^H-NMR(CDCl3) 5: 0.98-1.07(2H. m). 1.47(9H,s), 1.42-1 .86(5H, m). 2.06-2.22 (2H, m). 2.32-2.49 (1H, m), 3.24- 

3.37 (4H. m). 3.64 (2H, t, J=5.4Hz). 4,08 (2H. s). 
IR (KBr): 2238. 1678. 1647. 1426, 1289, 1171 cm V 
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Reference Example 1 1 

4-f6^hlQronaDhthalene-2-su!fonvlVl-ftrans-4-cvanocv dQhexan-1-vlmethvi)-2-piperazinon 

5 [0226] A solution of 4 N hydrochloric acid in ethyl acetate (20 ml) was added to 4-(tert-butoxycart)onyl)-1-{trans-4- 
cyanocycIohexan-l-ylmethyl)-2-pipera2inone (386 mg), and the mixture was stirred at room temperature for 2 hours. 
The reaction solution was concentrated. To the residua were added 6-chloronaphthalene-2-sulfonyl chloride (313 mg), 
sodium carbonate (318 mg), ethyl acetate (10 ml) and water (10 ml), and the mixture was stirred at room temperature 
for 2 hours. The organic layer was separated, washed with saturated brine, dried (MgS04) and concentrated. The res- 

10 idue was purified with silica gel column chromatography (hexane : ethyl acetate = 1 : 2) to give coloriess crystals of the 
title compound (574 mg). 

^H-NMR(CDCl3) 6: 0.85-1.10 (2H,m), 1.37-1.77(5H,m), 2.00-2.15 (2H. m). 2.26-2.44 (1H, m). 3.20 (2H. d. 
J=7.0Hz), 3.39 (4H, s), 3.76 (2H, s), 7.60 (1H, dd. J=e,8, 2.0Hz), 7.79 (IH, dd. J=8.6, l.aHz). 7.89-7.98 (3H, m). 
75 8.34 (1H,s). 

IR(KBr): 2242. 1655. 1451, 1341, 1163. 700 cm'"". 

Reference Example 12 
20 4-ftert-butoxvcarbonvn-1-f5^vano>2 -thienvlmethvlV2-piperazipone 

[0227] According to a similar method described in Reference Example 2. the title compound of colorless crystals 
was obtained from 4-(tert-butoxycarbony!)-2-piperazinone and 5-cyano-2-thlenylmethylbromide. 

25 iH-NMR (CDCI3) 5: 1.47 (9H, s), 3.38 (2H. t, J=5.4Hz), 3.65 (2H. t, J=5,4Hz), 4.14 (2H, s), 4.74 (2H. s). 7.02 (IH, 

d, J=3.8Hz), 7.50 (IH. d, J=3.8H2). 
IR(KBr): 2218, 1703, 1649, 1425, 1337. 1186cm-^ 

Reference Example 13 

30 

4-f6-chloronaDhthalene-2-sulfonvh-l-f5-cvano-2-th lenvlmethvn-2-Dlperazinone 

[0228] According to a similar method described in Reference Example 11 , the title compound of coloriess crystals 
was obtained from 4-(tert-butoxycarbonyl)-1-(5-cyano-2-thienylmethyl)-2-pipera2inone. 

35 

^H-NMR (CDCI3) 5: 3.35-3,50 (4H. m), 3. 84 (2H, s), 4.66 (2H, s), 6.93 (1H, d. J=3.9H2). 7.42 (IH, d, J=3.9H2). 7.61 
(IH, dd. J=8,9, 1.9H2), 7.77 (1H, dd. J=8.8, 1.8Hz), 7.89-7.97 (3H, m), 8.35(1H. s). 
IR(KBr): 2218. 1663, 1346, 1165, 959, 694 cm'^ 

40 Reference Example 1 4 

4-benzyloxvcarbonyl-2-Diperaziznone 

[0229] A mixture of 2-plpera2lnone (10 g), benzyl chlorocarbonate (20.5 g). sodium carbonate (31.8 g), ethyl ace- 
45 tate (200 ml) and water (200 ml) was stin-ed at room temperature for 2 hours. The organic layer was separated, washed 
with saturated brine, dried (MgS04) and concentrated. The resulting crystals was filtered, washed with ethyl acetate- 
ether and dried to give coloriess crystals of the title compound (1 8.5 g). 

^H-NMR (CDCI3) 5: 3.35-3.47 (2H. m), 3.71 (2H, t. J=5.4H2), 4.17 (2H. s). 6.22-6.42 (IH, br), 7.37 (5H, s). 
50 IR (KBr): 1711, 1663, 1412, 1337. 1287 cm*\ 

Reference Example 15 

4-benzvloxvcarfaonvl-l-(4-bromobenzvn-2-piperazinone 



55 



[0230] According to a similar method described in Reference Example 2, the title compound of coloriess oil was 
obtained from 4-benzyloxycarbonyl-2-pipera2inone and 4-bromobenzylbromide. 
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^H-NMR (CDCta) 5: 3.26 (2H. t. J=5.4Hz), 3.67 {2H. t, J=5.4Hz), 4.23 (2H, s). 4.56 (2H. s), 5.15 (2H, s). 7.14 (2H. 
d. J=8.2Hz). 7.35 (5H, s). 7.46 (2H. d. J=8.2Hz). 
IR(KBr): 1705. 1651. 1489, 1427. 1233, 1124 cm \ 

Reference Example 16 

4-benzvloxvcafbonvl-1-[4-f4-DVridynben2vM- 2-pipera2inone 

[0231 J A mixture of 4-benzyloxycarbonyl-1 -(4-bromobenzyl)-2-pipera2inone (807 mg). 4-pyridylboric acid (244 mg), 
tetrakis (triphenylphosphinejpaliadium (69 mg). 2M sodium cartonate solution (2 ml), toluene (8 ml) and ethanol (2 mt) 
was refluxed overnight. After the mixture was cooled, ethyl acetate was added to the reaction solution. The mixture was 
washed with water and saturated brine, dried (MgS04) and concentrated. The residue was purified with silica gel col- 
umn chromatography (ethyl acetate) to give colorless crystals of the title compound (283 mg). 

iR-NMR (CDCy 5: 3.32 (2H. t. J=5.1Hz). 3.70 (2H, t, J=5.3Hz). 4.27 {2H. s). 4.68 (2H. s). 5.16 (2H, s). 7.36 (5H, 
s), 7.38 (2H, d. J=8.7Hz), 7.49 (2H, d. J=6.1Hz). 7.62 (2H, d, J=B.7Hz), 8.67 (2H. d, J=6.1Hz). 
IB (KBr): 1705, 1688. 1644, 1431, 1292, 1244 cm^V 

Reference Example 17 

4-benzvloxycafbonvl-1-f4'rtert-butoxvcartionvlaminolbenzvll-2 -piDerazinone 

[02321 According to a similar method described in Reference Example 2, the title compound of pale yellow amor- 
phous was obtained from 4-benzyloxycarbonyl-2-prperazinone and 4-(tert-butoxycarbonylamino)benzylbromide, 

^H-NMR (CDCI3) 5: 1.51 (9H, s), 3.23 (2H. I, J=5.2Hz). 3.63 (2H, t J=5.3Hz), 4.22 (2H. s), 4.65 (2H, s), 5.15 (2H, 
s), 7.10-7,40 (10H, m). 

IR(KBr): 1707. 1655, 1530, 1235. 1163 cm ^ 
Reference Example 1 8 

1-f4-ftert-butoxvcarbonvlamino^benzvn-4-f6-chloronapht halene-2>sulfonvlV2-piperazinone 

[02331 fn ethanol (15 ml) was dissolved 4-benzytoxy-carbonyl-l-[4-(tert-butoxvcart3onylamino)benzyl)-2-piperazi- 
none (401 mg), and to the solution was added 10% palladium on carbon (Pd-C)(l60 mg). The mixture was vigorously 
stirred for 4 hours under hydrogen atmosphere, and the catalyst was removed. The solvent was evaporated, and to the 
residue was were added 6-chloronaphthalene-2-sutfonyl chloride (261 mg), sodium carbonate (212 mg), ethyl acetate 
(20 ml) and water (20 ml). The mixture was stirred at room temperature for 3 hours. The organic layer was separated, 
washed with saturated brine, dried (MgS04) and concentrated. The residue was purified with silica gel column chroma- 
tography (ethyl acetate : methanob 10 : 1) to give pale pink crystals of the title compound (340 mg). 

^H-NMR (CDCI3) 5: 1.51 (9H. s), 3.29 (4H, m), 3.84 (2H, s). 4.47 (2H. s). 6.45 (1H. s), 7.07(2H, d, J=8.6Hz), 7.25 
(2H, d, J=8.6Hz), 7.60 (1H, dd, J=:8.8, 2.0Hz). 7.76 (1H, dd, J=S.7. 1.9Hz), 7.88-7.97 (3H. m), 8.33 (IH, d, 
J=1.4Hz). 

IR(KBr): 1699. 1644. 1534, 1346. 1337. 1240, 1163 cm'\ 
Reference Example 19 

l-f4-aminobenzvn-4-(6-chloronaphthatene-?-sulfonvlV2 -piperazinone hydrochloride 

[0234] A solution of 4 N hydrochloric acid in ethyl acetate (10 ml) was added to a solution of V(4-(tert-butoxycarb- 
onylamino)benzyl)-4-(6-chloronaphthalene-2-sulfonyl)-2-piperazinone (530 mg) in methanol (2 ml), and the mixture 
was stirred at room temperature for 3 hours. The reaction solution was concentrated, and the resulting crystals were 
filtered, washed with ethyl acetate-ether and dried to give the trtte compound (457 mg). 

^H-NMR (DMSO-dg) 6: 3.22-3.45 (4H. m). 3.76 (2H, s). 4.47 (2H, s). 7.21 (4H, s). 7.73 (IH, dd. J=8,7. 2.1 Hz). 
7.87(1H, dd, J=B.7, 1.9Hz). 8.18 (IH, d. J=8.6Hz), 8.24-8.33 (2H. m), 8.59 (IH, d. J^I.SHz). 
IR (KBr): 2934. 1651. 1493. 1348. 1337, 1161. 700 cm ^ 
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Reference Example 20 

4-ben2vtoxvcarbonvl-1-f2-f1-Tert-butQxvcarbonvl-4-piDeridvneth yf]-2'piDerazinone 

[0235] According to a similar method described in Reference Example 2. oil of the title compound was obtained 
from 4-benzytoxycarbonyl-2-pipera2lnone and 1 .ten-butoxy-carbonyl-4-(2-methanesulfonyloxyethyl)piperidine. 

^H-NMR (CDCI3) 5: 1.00-1.25 (2H, m). 1.4S(9H, s), 1.30-1 .58(3H. m), 1,58-1.70 {2H, m). 2.56-2.78 (2H. m). 3.33 
(2H, t. J=5.2Hz). 3.38-3.50 (2H, m). 3.71 (2H. t. J=5.3Hz). 3.97-4.20 (2H, m), 4.14 (2H. s). 5.15 (2H, s). 7.26 {5H, s). 
IR(KBr): 1694. 1657. 1426. 1236. 1163cm\ 

Reference Example 21 

1-[2-f1-tert-butoxycarbonvl-4-Diperidynethvl]-4'f6-chtoronaDhthale ne-2-sulfonvlV2-piperazinone 

[0236] According to a similar method described in Reference Example 1 8, pale pink crystals of the title compound 
were obtained from 4-benzyloxycarbonyl-1-[2-(1-tert-butoxy-carbonyl-4-piperidyl)ethytl-2-piperazinone. 

^H-NMR (CDCI3) 5: 0.93-1. 20(2H. m). 1.26-1.44 (3H, m), 1.44 (9H. s), 1.55-1.70 {2H. m), 2.54-2.64 (2H, m). 3.30- 
3.42(2H, m). 3.39 {AH, s). 3.76 (2H. s). 3.94-4,16 (2H. m), 7.61 (1H. dd. J=8.8, 2.0Hz). 7.79(1 H. dd, J=8.9, 1.7Hz). 
7.90-7.98 (3H. m), 8.36 (1 H. s). 

IR(KBr): 1690.1649. 1418, 1339. 1 167. 968, 700 cm'\ 
Reference Example 22 

4-f6-chloronaphthalene-2-sutfonvn-1-f2-f4-piperidvhethv l]-?-pipBrazinone hydrochloride 

[0237] According to a similar method described in Reference Example 1 9, colorless crystals of the title compound 
were obtained trom 1 -[2-(1 -tert-butoxycarbonyl-4-piperidyi)ethyl]-4-(6-chlQronaphthalene-2-sulfonyl)-2-pipera2lnone. 

^H-NMR (DMSO-dg) 5: 1.00-1.50 (5H, m), 1.60-1.80 {2H. m). 2.60-2.88 (2H, m). 3.20-3.43 (8H, m), 3.66 (2H. s). 
7.74 (1H. dd. J=8.7. 2.1Hz), 7.69 {1H. dd, J=B.8. I.BHz), 8.18 (1H, d. J=8.8H2), 8.24-8,33 (2H, m), 8.59 (1H. s). 
IR (KBr): 2936, 1651. 1345, 1163, 700 cm-"*. 

Reference Example 23 

4'benzvloxvcarbonvl-1-[<1-tert-butoxvcarbonvl-4-piperidvl)met hvn-2-DlDerazinone 

[0238] According to a similar method described in Reference Example 2, oil of the title compound was obtained 
from 4-benzyloxycarbonyl-2-pipera2inone and l-tert-butoxycarbonyl-4-methanesuffonyloxymethylpiperidine. 

^H-NMR (CDCI3) 5: 1.04-1.41 (2H, m). 1.45 (9H. s), 1.52-1,68 {2H. m). 1 .70-2.03 {1H. m). 2.57-2.77 (2H. m). 3.20- 
3.38 {2H. m), 3,36 (2H, t, J=5.3Hz), 3,72 (2H, t, J=54Hz), 4.02-4.20 (2H. m), 4 1 6 (2H. s), 5.1 6 (2H, s). 7.36 (5H. s). 
IR (KBr): 1695, 1661, 1424, 1235. 1167 cm ^ 

Reference Example 24 

1-rf1-tert'butoxvcartaonvl-4-piperidvhmethvl]-4-f6-chloronaphthalene-2-sulfo nyn-2-Dipefazinone 

[0239] According to a similar method described in Reference Example 1 8. colorless crystals of the title compound 
were obtained from 4-benzyloxycarbonyl-1-[(1-tert-butoxy-carbonyl-4-piperldyl)methyl]-2-piperazinone. 

^H-NMR (CDCI3) 6: 0.9B-1.21 (2H, m), 143 (9H, s), 1,38-1 .58(2H, m). 1.60-1.97 (1H, m). 2.50-2.70 (2H. m). 3.10- 
3.34 (2H, m). 3.34-3.48 (4H, m), 3.78 (2H. s). 3.95-4.16 (2H, m), 7.61 (IH. dd, J=9.0, 2.OH2), 7.80 (1H. dd. J=8,6. 
1 .BHz). 7.90-7.98 (3H, m). 7.36 (1 H. s). 
IR (KBr): 1678, 1657. 1350, 1167cm-\ 
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Reference Example 25 

^■r6-chloronaDhthalene-2-sulfonvlV1-f4-DlDeridvlmeth vlV2-DlDera2inone hydrochloride 

5 [0240] According to a similar method described in Reference Example 1 9, colorless crystals of the title compound 
were obtained from i-[(i-tert-butoxycarbonyl-4-piperidyl)-methyl]-4-(6-chloronaphthalene-2-sutforiyl)-2-piperazinone. 

^H-NMR (DMSO-dg) 5: 1.10-1.36 (2H. m), 1.48-1.65 (2H, m), 1,68-1.95 (1H. m), 2.57-2.82 (2H. m), 3.06-3.23 (4H. 
m), 3.36 (4H. s), 3.67 {2H, s), 7.72 (1 H, dd. J=B.8. 2.2Hz), 7.88 (1 H. dd, J=8.7. 1 .9H2), 8.1 8 (1 H. d. J=8.8Hz), 8.22- 
10 8.32 (2H. m). 8.58 (IH, s), B.43-B.95 {2H, br). 

IR (KBr): 2924, 1649. 1345, 1173, 961, 702 cm* \ 

Reference Example 26 

15 4-ben2vloxvcartaonvl-1.2.3.4-tetrahvdropvrazin-2-one 

(02411 To a solution of N-benzyloxycarbonylglycine (10.5 g) and 2.2-diethoxyethylamine (7.33 g) in acetonitrile (50 
ml) was added WSC hydrochloride (10.5 g) under Ice-cooIlng, and the mixture was stirred at room temperature for 2 
hours. The reaction solution was concentrated, and to the residue were added ethyl acetate and dilute hydrochloric 
20 acid. The organic layer was separated, washed with saturated and saturated brine, dried (MgSO^) and concentrated. 
To the residue were added p-toluenesutfonic acid (951 mg) and toluene (150 ml), and the mixture was refluxed for 30 
minutes. The mixture was cooled, and to the reaction solution was added ethyl acetate. The mixture was washed with 
saturated sodium bicarbonate solution and saturated brine, dried (MgS04) and concentrated. The resulting crystals 
were filtered, washed with ether and dried to give colorless crystals of the title compound (7.37 g). 

25 

''H-NMR (CDCI3) 5: 4.30 (2H. s). 5.22 (2H. s). 5.50-5,68 (1 H, m), 6.29-6.48 (1 H, m), 7.38 (5H. s). 7.50-8.00 (1 H. br). 
IR (KBr): 1698, 1649, 1410, 1321. 1107, 957. 760 cm'^ 

Reference Example 27 

30 

4-ben2vloxvcartaonvl-1-ftrans-4-n-tert-bLrtoxvcBrfaonvlamtno^cvclohexan-l-ylmethvn-1.2.3.4-te trahvdropvrazine-2-one 

[0242] To a solution of 4-benzyloxycarbonyI-1 .2,3,4-tetrahydropyra2ine-2-one (813 mg) in DMF (30 ml) was added 
trans-4-(tert-buloxycarbonylamino)-1-methanesutfonyt-oxymethylcycIohexane which was prepared from trans-4-(l- 

35 tert-butoxycarbonylamino)cyclohexan-1-ylmethanol (803 mg) and methanesulfonyl chloride (0.298 ml). To the mixture 
were added potassium carbonate (967 mg) and potassium iodide (291 mg), and the mixture was stin-ed at 60*0 for 1 
day. and then at 100*C for 1 day. The reaction solution was concentrated under reduced pressure, and to the residue 
was water. The mixture was extracted with ethyl acetate. The extract was washed with saturated brine, dried (MgS04) 
and concentrated. The residue was purified with silica gel column chromatography (hexane : ethyl acetate = 1 : 1) to 

40 give amorphous of the title compound (422 mg). 

^H-NMR (CDCI3) 5: 0.97-1.14 {4H, m), 1.43 (9H, s). 1.54-1.88 (3H. m). 1.90-2.10 {2H. m). 3.26-3.50 (IH, m), 3.31 
(2H, d. J=7.0H2). 4-30 (2H, s). 4.26-4.44 (IH, m), 5.21 (2H. s), 5.36-5.58 (IH. m). 6.26-6.47 (1H. m). 7.36 (5H, s), 
IR (KBr): 1709, 1686, 1402. 1171 cm'^ 

45 

Reference Example 28 

l-ftrans-4-fl-tert-butoxvcarbonvlamino^cyclohexan-l-vlmethvn- 4-f6-chloronaphthalene-2-sulfonvl)-2-pipera?inone 

50 [0243] According to a similar method described in Reference Example 18, coloriess crystals of the title compound 
was obtained from 4-benzyloxycarbonyl-1-(trans-4-(tert-butoxycarbonylamino)cyclohexan-1-ylmethyl]-l,2,3,4- tetrahy- 
dropyra2ine-2-one. 

^H-NMR (CDCI3) 6: 0.85-1.13 (4H. m). 1.43 (9H. s). 1.48-1.70 (3H. m). 1.85-2.05 {2H. m). 3.16 (2H, d. J=7.0Hz). 
55 3.20-3.46 (5H, m), 3.77 (2H, s). 4.24-4.40 (IH. m). 7.60 (IH. dd, J=8.9, 1.9Hz), 7.79 (1H, dd, J=:8.8. 1.8Hz), 7.89- 

7.98 (3H, m). 8.35 (IH, s), 
IR (KBr): 1678, 1644, 1508. 1346. 1l59cm'\ 
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Reference Example 29 

i-ftrans-4-aminocvclohexan-VvlmethvlV4-f6-chloronap hthalene-2-suHonvlV2-pipera^^^ hydrochloride 

5 [0244] Accorciing to a similar method described in Reference Example 19, colorless crystals of the title compound 
was obtained from 1 -[trans-4-(1 -tert-butoxycarbonyl-amino)cyclohexan-1 -ylmethyl]-4-(6-chloronaphthalene-2-sutfo- 
nyl)-2-pipera2inone. 

^H-NMR {DN/lSO-dg) 6: 0.75-1.05 (2H, m), 1.05-1.34 (2H. m), 1.35-1.63 (3H, m), 1.78-1.94 (2H, m), 2.70-3.00 
10 (IH.m). 3.08 (2H, d, J=5.4H2), 3.38-3.42 (4H, m), 3.65 (2H. s). 7.72 (IH. dd, J=B.7. 2.1Hz). 7.88 (1H. dd, J=8.8, 

1.8H2), 7.86-8.02 (3H. m), 8.18 (1H. d. J=8.8Hz). 8.22-8.32 (2H, m), 8.58 (1H, s). 
IR(KBr): 2934, 1649, 1345. 1163, 700 cm*^ 

Reference Example 30 

P,?-dtmethoxyethylf4 -(l H-imidazQl-1 -ynbenzvllamine 

[0245] To a solution of 2,2-dlmethoxyethylamine (526 mg) and 4-(1 H-imidazol-1 -yObenzaldehyde (861 mg) in meth- 
anol (25 ml) was added acetic acid (600 mg). and the mixture was stin-ed at room temperature for 1 hour. To the mixture 
20 was added, under ice-cooiing, sodium triacetoxyborohydride (1 .59 g), and the mixture was stirred at room temperature 
for 3 hours. The reaction solution was concentrated, and to the residue was added 1 N sodium hydroxide solution. The 
mixture was extracted with dichloromethane, dried and concentrated to give colorless oil of the title compound (1 .21 g). 

^H-NMR (CDCI3) 6: 2.76 (2H. d, J=5.6Hz), 3.39 (6H. s). 3.86(2H. s), 4.50 (iH.t, J=5.6Hz), 7.20 (1H, s). 7.27 (1H. 
25 S). 7.34 (2H. d, J=8.8Hz). 7.45 (2H. d. J=8.8Hz). 7.84 (1H, s). 

Working Example 1 

l-f4-amidinQbenzyn-4-(naphthalene-2-s ulfonvn-2-piDerazinone hydrochloride 

30 

(02461 A solution of ethanol (1 ml) and 4 N hydrochloric acid/dioxane (7 mt) was added to 1-(4-cyanobenzyl)-4- 
(naphthaJene-2-sulfonyl)-2-ptperazinone (405 mg), and the mixture was stirred at room temperature overnight The sol- 
vent was concentrated, and to the residue was added 12% ammonia solution in methanol (5 ml). The mixture was 
stirred at room temperature for 4 days. The solvent was concentrated and purified with CHP20 column chromatography 
35 (water:acetonitrile:1 N hydrochloric acid= 70:30:1 ) to give colorless amorphous of the title compound (207 mg). 

^H-NMR (DMSO-de) S: 3.20-3.60 (4H. m). 3.81 (2H. s). 4.57 (2H. s), 7.35 (2H, d, J=8.3H2), 7.65-7.90 (5H, m), 8.05- 
8.28 (3H, m), 8.54 (IH. s), 9.14 (2H, brs). 9.33 (2H. brs). 
IR (KBr): 3058. 1676, 1647, 1493, 1346, 1163 cm*\ 

-40 

Working Example 2 

1-f4-amidinobenzvh-4-(6-chlorDnaphthalene-2-su[fonvn-2-Dlpera2inone hydrochloride 

45 [0247] To a solution of 4-(6-chloronaphthalene-2-suIfonyl)-1-(4-cyanobenzyl)-2-pipera2inone (220 mg) in diox- 
ane/ethanol (9/1) (10 ml), hydrogen chloride gas was bubbled for 2 minutes under ice-cooling, and the solution was 
allowed to stand at room temperature overnight. The solvent was concentrated, and to the residue was added 15% 
ammonia solution in ethanol (5 ml). The mixture was stirred at 60**C for 2 hours. The solvent was concentrated and puri- 
fied with CHP20 column chromatography (water: acetonrtrileil N hydrochloric acid =70:30:1), and the resulting product 

50 was crystallized from ethanol-ethyl acetate to g'rve colorless crystals of the title compound (173 mg). 

^H-NMR (DMSO-dg) 5: 3.20-3.50 (4H, m). 3.81 (2H, s), 4.56 (2H. s), 7,35 (2H. d. J=8.4Hz). 7.68 (2H. d. J=8.4Hz), 
7.74 (IH, dd, J=9.0. 2.2H2), 7.89 (IH, dd, J=8.6, 1.8Hz). 8.18 (1H, d. J=8.6Hz), 8.24-8.32 (2H, m), 8.59 (IH. s), 
9.02 (2H, brs), 9.30 (2H. brs). 
55 IR (KBr): 3052, 1678. 1636. 1493, 1352. 1163, 698 cm \ 
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Working Example 3 

1-(3-amidinoben2VlV4-f6'Chloronaphthalene-2-sulfonvl)-2-piperazinone hydrochloride 

5 [0243] A(Xording to a similar method described in Working Example 2, colortess crystals oi the title compound was 
obtained by using 4-{6-chloronaphthalene-2-sulfonyl)-1 -(3-cyanobenzyl)-2-pipera2inone instead of 4-(6-chloronaphtha- 
lene-2-sulfonyl)-1-(4-cyanoben2yl)-2-piperazinone. 

^H-NMR (DMSO-de) 6: 3.30-3.50 (4H, m), 3.79 (2H. s). 4.54 (2H, s). 7.47 {2H. d. J=5.0H2). 7.62 (1H. s). 7.64-7.71 
10 (IH, m), 7.74 (1H, dd. J=B.8, 2.2Hz). 7.89 (1H, dd. J=8.8, 1.8H2), 8.18 (1H, d, J=8.8H2), 8.25-8.33 (2H, m), 8.60 

(1H, s), 9.16 (2H, brs), 9.38 (2H, brs). 
IR (KBr): 3144. 1682. 1645. 1352, 1171, 774. 694 cm'^ 

Working Example 4 

75 

1- ftrans-4-amidinocvclQhexang-1-ylmethy1)-4-(6-chlQ ronaphthalene-2-sulfonylV2-pipe razinQne hydrochloride 

[0249] A solution of 28% hydrochloric acid in dioxane/ethanol (9/1) (10 ml) was added to 4-(6-chloronaphthalene- 

2- sulfonyl)-1-(trans-4-cyanocyclohexane-1-yImethyl)-2-piperazinone (312 mg), and the mixture was allowed to stand at 
20 room temperature for 6 hours. The solvent was concentrated, and to the residue was added 15% ammonia solution in 

ethanol (10 ml). The mixture was stirred overnight. The solvent was concentrated and purified with CHP20 column chro- 
matography (water:acetonitri!e:1 N hydrochloric acid =70:30:1) to give coloriess amorphous of the title compound (350 
mg). 

25 ^ H-NMR (DMSO-dg) 6: 0.70-0.95 (2H. m). 1 .25-1 ,75 (7H. m), 2.20-2.39 (1 H. m). 3.08 (2H, d, J=6.6H2). 3.3-3.4 {4H, 

m), 3.70 (2H. s), 7.72 (IH. dd, J=8.8, 2.2H2), 7.89 (1H. dd, J=8.8, 1.8Hz). 8.19 (1H, d, J=8.aHz), 8.23-8,32 (2H. m), 
8.60 (3H, brs), 8.78 (2H, brs). 
IR (KBr): 3077, 1682, 1644. 1346. 1163. 698 cm'\ 

30 Working Example 5 

1- f5-amldlno-2-thienvlmethvl)-4-f6-chloronaphthalene-2-sutfonvn-2-piperazinone hydrochloride 

[0250] According to a similar method described in Working Example 4, coloriess crystals of the title compound was 
35 obtained by using 4-(6-chloronaphthalene-2-sulfonyl)-1-(5-cyano-2-thienylmethyl)-2-pipera2inone instead of 4-(6-chlo.- 
ronaphthalene-2-sulfonyl)-1 -(lrans-4-cyanocyclohexane-1-ylmethyl)-2-pipera2]none. 

^H-NMR (DMSO-dg) 5: 3.39 (4H, s), 3.75 (2H. s), 4.68 (2H. s). 7.18 (IH. d, J=3.BH2), 7.73 (IH, dd, J=8.8. 1.2Hz), 
7.83-7.90 (2H. m). 8.15 (IH, d, J=8.8Hz), 8.21-8.30 (2H, m), 8.57 (1H. s). 8.95 (2H, brs), 9.26 (2H, brs). 
40 IR (KBr): 3005, 1659. 1636, 1499, 1350. 1167, 696 cm'V 

Working Example 6 

4-f6-chloronaphthatene-2-sulfonvO-l-r4-(N-methv)amidinolben2vl]-2-piperazinone hydrochloride 

45 

[0251] A solution of 28% hydrochloric acid in dioxane/ethanol (9/1) (10 ml) was added to 4-(6-chloronaphthalene- 

2- sulfonyt)-1-(4-cyanoben2yl)-2-piperazinone (440 mg), and the mixture was allowed to stand at room temperature 
overnight. The soJvent was concentrated, and to the residue was added 40% methytamine solution in methanol ( 1 0 ml). 
The mixture was stirred for 7 hours. The solvent was concentrated and purWied with CHP20 column chromatography 

50 (water: acetonitrile:! N hydrochloric acid= 70:30:1) to give pale yellow amorphous of the title compound (173 mg). 

^H-NMR (DMSO-dg) 6: 3.02 (3H. d, J=4.6Hz), 3.20-3.55 (4H, m), 3.84 (2H. s). 4.55 (2H. s), 7.31 (2H. d, J=8.2H2). 
7.65 (2H, d. J=8.2H2), 7.73 (IH. dd. J=8.8, 2.0H2), 7.88 (IH, dd, J=8.6. 1.8Hz). 8.19 (IH, d. J=8.8Hz), 8.24-8.32 
(2H. m). 8.60 (IH. s), 9.05 (IH. brs), 9.51 (IH, brs), 9.96 (IH. d. J=1.6Hz). 

SB 
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Working Example 7 

4-f6-chloronaphthalene-2-sulfonvlV144-(morpholinolmlnomethvl)benzvl]-2-Dipera2lnone hydrochloride 

5 [0252] A solution of 28% hydrochloric acid dioxane/ethanol (9/1) (10 ml) was added to 4-(6-chIoronaphthalene-2- 
sulfonyl)-1-(4-cyanobenzyl)-2-pipera2lnone (440 mg), and the mixture was allowed to stand at room temperature for 5 
hours. The solvent was concentrated, and to the residue was added 10% morpholine solution in ethanol (10 ml). The 
mixture was stirred for 3 days. The solvent was concentrated and purified with CHP20 column chromatography 
(water:acetonrtrile:1 N hydrochloric acid =70:30:1) to give colorless amorphous of the title compound (427 mg). 

10 

^H-NMR (DMSO-dg) 5: 3.20-3.50 (6H. m), 3.55-3.68 (2H, m), 3.70-3.95 (6H, m), 7.35 (2H, d, J=8.3Hz), 7.47 (2H, 
d. J=8.3H2), 7.74 (IH, dd, J=8.7, 2.1Hz), 7.89 (1H, dd, J=8.7, 1.7H2), 8.19 (IH, d. J=8.8Hz). 8,25-8.32 (2H. m). 
8.60 (1H, s). 9.40 (IH, brs), 9.53 (IH. brs). 
IR(KBr): 3021, 1655. 1613. 1346, 1163. 1115, 698 cm*''. 

75 

Working Example 8 

1-[4-fN-amrnoamidino>benzyl]-4-f6-chloronaphthalene-2-sulfonvn-2>pipera2tnone hydrochloride 

20 [02S3] To 4-(6-chloronaphthalene-2-sulfonyl)-l -(4-cyanobenzyl)-2-pipera2inone (220 mg) was added a solution of 
28% hydrochloric acid in dtoxane/ethano! (9/1) (10 ml), and the mixture was allowed to stand at room temperature for 
7 hours. The solvent was concentrated, and to the residue was added a solution of hydrazine hydrate (125 mg) in eth- 
anol (10 ml). The mixture was stirred overnight The solvent was concentrated and purified with CHP20 column chro- 
matography (water:acetonitriie:1 N hydrochloric acid =70:30:1) and LH20 (methanol) to give colortess amorphous of 

25 the title compound (100 mg). 

^H-NMR (DMSO-dg) S: 3.20-3.60 (4H, m). 3,82 (2H, s), 4.57 (2H, s), 7.36 (2H, d, J=8.3Hz). 7.63 (2H, d, J=8.3Hz), 
7.75 (IH, dd, J=8.8, 2.1Hz). 7.91 (IH, dd, J=8.8, I.BHz), 8.21 (1H, d, J=8.8Hz). 8.28-8.34 (2H. m). 8.62 (IH. s). 
IR (KBr): 3065. 1647, 1346, 1163, 698 cm ''. 

30 

Working Example 9 

4-f6-chloronaphthalene-2-sulfonvlM-f4-(N-hvdroxvamidino)ben zyl]-2-pipera2inone 

35 [0254] A mixture of 4-(6-chloronaphthatene-2-sulfonyl)-1 -(4-cyanobenzyl)-2-p(pera2inone (440 mg), hydroxylamine 
hydrochloride (347 mg). sodium hydrogen carbonate (420 mg) and 80% ethanol (30 ml) was refluxed for 2 hours, and 
ethanol was evaporated. Precipitated crystals were washed with water, ethanol and ethyl acetate, and dried to give 
colorless crystals of the title compound (353 mg). 

40 ^H-NMR (DMSO-dg) 6: 3.20-3.45 (4H. m), 3.77 (2H. s), 4.47 (2H, s), 5.72 (2H, s), 7.14 (2H, d. J=8.3Hz), 7.57 (2H. 

d. J=8.3H2), 7.71 (IH, dd, J=8.9. 2.1Hz). 7.86 (IH, dd, J=8,7, 1.9Hz). 8.20-8.30 (2H. m). 8.57 (IH, s), 9.60 (IH. s). 
IR{KBr): 3243. 1634. 1348, 1171.696 cm ^ 

Working Example 10 

45 

1-H-(N-acetim'idoylamino)ben2ylH-(6'ghloronaphthaleng-2-sulfQnyl)-?-piperazinQne hydrpghlpride 

[0255] To a solution of 1 -(4-amlnobenzyl)-4-(6-chloro-naphthalene-2-sutfonyl)-2-piperazinone hydrochloride (233 
mg) in methanol (20 ml) were added ethyl acetimidate hydrochloride (618 mg) and triethylamine (0.836 ml), and the 
50 mixture was stirred at room temperature overnight. The solvent was concentrated and purified with CHP20 column 
chromatography (water : acetonitrile : 1 N hydrochloric add =70 : 30 : 1) to give pale yellow amorphous of the title com- 
pound (134 mg), 

^H-NMR (OMSO-de) 6: 2.33 (3H, s), 3.20-3.60 (4H. m). 3.79 (2H. s). 4.51 (2H. s). 7.15 (2H. d. J=8.6H2). 7.26 (2H. 
55 d. J=8.6Hz), 7.73 (IH, dd. J=8.8. 2.2Hz). 7.88 (IH, dd. J=8.8. 1.8Hz). 8.18 (IH, d, J=8.8H2). 8.25-8.31 (2H. m), 

8.47 (IH. brs), 8.59 (IH, s). 9.50 (IH. brs). 
IR (KBr): 3044. 1632, 1348, 1161, 696. 583 crr\'\ 
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Working Example 1 1 

1 -f2-f 1 -amidino-4-DiDerlctvhethvn-4-f 6-chloronaphthalene-2-sutfonvn-2-Dipera2inone 



5 [0256] To a solution of 4-(6-chloronaphthalene-2-sulfonyt)-1-[2-(4-piperidyl)ethyl]-2-pipera2lnone hydrochloride 
(118 mg) in methanol (1 0 ml) was added a solution of S-methyllsothtourea hemlsulfate (315 mg) and 28% sodiunn nneth- 
oxide in methanol (482 mg), and the mixture was stirred at room temperature for 3 days. The solvent was concentrated 
and purified with CHP20 column chromatography (water:aceton(trile:1 N hydrochloric acid =70:30:1), and then purified 
with LH20 (methanol) to give coloriess amorphous of the title compound (66 mg). 

10 

^H-NMR (DMSO-dg) 6: O.BO-1.50 (5H, m), 1.55-1.72 (2H. m). 2.77-2.95 (2H, m), 3.17-3.50 (6H. m), 3.67 (2H, s). 
3.70-3.84 (2H. m), 7.37 (4H. bre). 7.73 (IH, dd, J=8.9, 2.1Hz), 7,89 (1H. dd. J=:8.6. 1.8Hz). 8.18 (1H, d, J=8.9Hz), 
8.24-8.33 (2H. m). 8.59 (1K s). 
(R(KBr):3152, 1649, 1346, 1163 cm'\ 

15 

Working Example 1 2 

1- [(1-acetimidoyl-4-p]peridvnmethvq-4-f6<:hloronaphthalene-2-su}fonvn'2-piDerazlnone 

20 [0257] According to a similar method described in Working Example 10, colorless amorphous of the title compound 
was obtained by using 4-(6-chloronaphthaIene-2-sutfonyI)-1-(4-piperidylmethyl)-2-pipera2lnone hydrochloride instead 
of 1-(4-aminobenzyl)-4-(6-ch!oronaphthalene-2-sulfonyl)-2- piperazinone hydrochloride. 

^H-NMR (DMSO-dfi) 5: 1.00-1.25 (2H, m), 1.41-1.68 (2H, m), 1.75-2.02 (1H. m), 2.22 (3H. s), 2.84-3.12 (2H, m), 
25 3.15 (2H, d, J=7.4Hz). 3.37 (4H. brs). 3.68 (2H, s), 3.68-3.83 (IH. m). 3.95-4.10 (IH. m). 7.74 (IH, dd, J=a.8, 

2.2Hz). 7.89 (1 H, dd. J=B.8. 1 .8Hz), 8. 1 9 (1 H. d, J=8.8Hz). 8.25-8.33 (2H. m), 8.60 (1 H, s), 8.61 (IH, brs), 9.1 9 (1 H, 
brs). 

IR (KBr): 3067, 1642, 1346, 1 163, 698 cm-"". 

30 Working Example 1 3 

1-[(l-amid]no-4-ptperidvhmethvlM-f6-chloronaphthalene-2-sulfonvn-2-ptperazinone hydrochloride 

[0258] To a solution of 4-(6-chloronaphthalene-2-sulfonyl)-1 -(4-piperidylmethyl)-2-pipera2inone hydrochloride (230 
35 mg) in DMF (10 ml) were added S-methyllsothiourea hemisulfate (348 mg), triethylamine (0.41 B ml) and water (2 ml), 
and the mixture was stin-ed at SO^C overnight. To the mixture was added S-methylisothiourea hemisutfate (348 mg) and 
triethylamine (0.418 ml), and the mixture was additionally stirred at 50'C ovemight. The soJvent was concentrated and 
purified with CHP20 column chromatography (water:acetonrtrile:1 N hydrochloric acid =70:30:1) to give coloriess amor- 
phous of the title compound (160 mg). 

40 

^H-NHR (DMSO-dg) 8: 0.90-1.15 (2H, m), 1.43-1.60 (2H, m), 1.70-1.92 (IH, m), 2.76-2.94 (2H. m), 3.14 (2H, d, 
J=7.4Hz). 3.37 (4H, brs). 3.67 (2H. s), 3.69-3.84 (2H, m), 7.37 (4H, brs). 7.73 (1 H, dd, J=8.8, 2.2Hz). 7.89 (1 H, dd, 
J=8.8, 1.8Hz). 8.19 (IH. d. J=8.8Hz). 8.24-8.33 (2H, m), 8.60 (IH. s). 
)R(KBr): 3098, 1638, 1613, 1352,1171.696 cm ^ 

45 

Working Example 1 4 

l-ftrans-4-(N-acetimidovlamino)cvclohexane-l-vlmethvl)-4-(6-chloronaphthalene-2-sulfonvn-2-pipera2ino ne hydro- 
chloride 

50 

[0259] According to a similar method described in Wortcing Example 10, pale yellow amorphous of the title com- 
pound was obtained by using l-(trans-4-aminocyclohexane-l -ylmethyl)-4-(6-chloronaphthalene-2-sulfonyl)-2-pipera2i- 
none hydrochloride instead of 1 -(4-aminoben2yl)-4-(6-chloronaphthaIene-2-su!fonyl)-2-plperazinone hydrochloride. 

55 'H-NMR (DMSO-dg) 5: 0.77-1.23 (4H. m). 1.37-1.57 (3H, m), 1.66-1.81 (2H. m). 2.12 (3H. s), 3.08 (2H. d, 

J=7.0Hz). 3.30-3.45 (5H, m), 3.69 (2H. s), 7.73 (IH, dd, J=8.8. 2.2H2), 7.89 (IH. dd, J=8,6. I.SHz), 8.18 (IH. d, 
J=8.8Hz). 8,24-8.33 (2H. m), 8,60 (2H. brs), 9.07 (IH. brs). 9.34 (IH, d. J=7.8Hz). 
IR (KBr): 3058, 1640, 1346, 1 163, 698 cm-''. 
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Working Example 15 

4.ffi-chioronaDhthalene>2-sulfonvlVl-f1-f4-pvridvlV4-Dlperldvlmethvl1-2-PiperazinQne 

5 [0260] In THF (100 ml) and DMF (1 00 ml) was dissolved 4-(benzyIoxycBrbonyl)-1 ,2,3,4-tetrahydropyra2lne-2-one 
(3.48 g), and to the solution was added sodium hydride (270 mg; oil) at room temperature. The mixture was stirred for 
30 minutes, and to the mixture was added v(4-pyridyl)-4-methytsutfonyloxymethylpiperidine (2.70 g). The mixture was 
stirred at 60*'C for 5 hours. The reaction solution was concentrated under reduced pressure, and to the residue was 
added ether. The mixture was extracted with dilute hydrochloric acid, and the extract was neutralized whh sodium 

10 hydroxide solution. To the solution was added 1 0% sodium carbonate solution, and the solution was extracted with ethyl 
acetate-THR The extract was washed with saturated brine, dried (MgS04) and concentrated The residue was dis- 
solved in ethanol (100 mi), and to the solution was added 10% palladium on carbon (Pd-C) (1.00 g). The mixture was 
vigorously stirred for 3 hours under hydrogen atmosphere. The catalyst was removed, and the soh/ent was evaporated. 
To the residue were added potassium carbonate (1 .38 g), ethyl acetate (30 ml) and water (30 ml). Under ice-cooling, to 

15 the mixture was dropwise added a solution of 6-chIoronaphthalene-2-sutfonyI chloride (2.61 g) in THF (30 ml), and the 
mixture was stin-ed at room temperature for 1 hour. The organic layer was separated, washed with saturated brine, dried 
(MgS04) and concentrated. The residue was crystallized from ethanol to give coloriess crystals of the title compound 
(1.80 g). 

20 ^H-NMR(CDCl3) 6: 1.13-1.37 (2H. m), 1.52-1.70 (2H, m), 1,78-2.02 (1H, m). 2.67-2.83 (2H, m). 3.24 (2H, d, 

J=7.2Hz). 3.43 (4H, s). 3.73-3.S8 (2H, m). 3.80 (2H, s), 6.60 (2H, d, J=6.5Hz). 7.62 (1H. dd, J=8.8. I.BHz), 7.81 
(1H. dd. J=8.8, l.BHz). 7.92-7.99 (3H. m). 8.24 (2H. d. J=6.5Hz), 8.36 (1H. s). 
iR(KBr): 1655, 1599. 1345, 1159, 696. 586 cm-\ 



25 Working Example 16 

4-f6-chloronaphthalene-2-sulfonvlM41-f4-Dvridvn-4-piperidvlmethvll-2- piperazinone hydrochloride 

[02611 To 4-(6-chloronaphthalene-2-sulfonyl)-1-[l-(4-pyridyl)-4-piparidytmethyl]-2-piperazinone (500 mg) obtained 
30 in Working Example 15 were added ethanol and 4 N hydrochloric acid in ethyl acetate to give a solution, which was con- 
centrated under reduced pressure. The residue was crystallized form ethanol to give colorless crystals of the title com- 
pound (414 mg). 

^H-NMR (DMSO-dg) 5: 0.90-1.17 (2H. m). 1.46-1.62 (2H. m), 1.82-2.03 (1H. m), 2.90-3.10 (2H, m). 3.09 (2H, d. 
35 J=:7.4H2). 3.37 (4H. s). 3.69 (2H, s). 4.00-4.17 (2H, m). 7.12 (2H, d, J=7.8Hz). 7.74 (1H. dd. J=8.6, 2.0Hz), 7.89 

(1H. dd. J=8.5, 1.7Hz). 8.13-8.32 (5H. m). 8.60 (1H. s). 
IR(KBr): 2575. 1647, 1545, 1346, 1167 cm'V 

Working Example 17 

40 

4-f6-chloronaDhthalene-2-sulfonvlV1-(4-f1H-lmldazQl-1-vhbenzvl1-2 -Diperazinone 

[0262] To a solution of N-(6-chloronaphthalene-2-sulfonyI)ethylenediamine hydrochloride (321 mg) and 4-(1H-imi- 
dazol-l-yl)benzaldehyde (172 mg) in methanol (10 ml) was added acetic acid (300 mg), and the mixture was stin-ed at 

45 room temperature for 1 hour. To the mixture was added, under ice-cooling, sodium triacetoxyborohydride (31 8 mg), and 
the mixture was stirred at room temperature for 5 hours. The reaction solution was concentrated, and the residue was 
dissolved in ethyl acetate. The solution was washed with sodium bicarbonate solution and brine, and dried, and to the 
solution was added triethylamine (700 mg) and then was added chloroacetyl chloride (300 mg). The mixture was stirred 
at room temperature tor 30 minutes. The reaction solution was washed with sodium bicarbonate solution and brrne, 

50 dried and concentrated. The residue was dissolved in DMF (20 ml), and to the solution was added potassium carbonate 
(150 mg). The mixture was stirred at gO'C for 2 hours. The reaction solution was concentrated, and the residue was 
dissolved in ethyl acetate, washed with water and brine, dried and concentrated. The residue was purified with column 
chromatography (ethyl acetate) and recrystallized from ethyl acetate to give coloriess crystals of the title compound 
(177 mg). 

55 

^H-NMR (CDCI3) 6: 3.37 (4H, s). 3.87 (2H. s). 4.58 (2H. s). 7.20 (1H. s). 7.24 (1H, s), 7.29 (4H. s). 7.60 (1H, dd. 
J=2.2. 8.8Hz), 7.74-7.B3 (2H, m), 7.89-7.97 (3H, m). 8.35 (1H. s). 
IR (KBr): 1665. 1520. 1487, 1337, 1165 cm V 
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Working Example 18 

4-[(EV2-f4-chlorophenvnethenvlsulfonvlV1-[1-f4-Dvr)dvlV4-Dlperidvlmethvn-2-DlDera2ino hydrochloride 

5 [0263] According to a nnethod described in Working Example 15, 4-[(E)-2-(4-chlorophenyI)ethenylsulfonyl)-1-[1-(4- 
pyridyl)-4-piperidylmethyl)-2-pipera2inone was obtained by using (E)-2-(4-chlorophenyl)ethenylsulfonyl chloride instead 
of 6-chloronaphthalene-2-sulfonyl chloride. A solution of 4-[{E)-2-(4-chlorophenyl)ethenylsulfonyl)-1-[1-(4-pyridyl)-4- 
piperidylmethytl-2-piperazinone in ethanol and 4 N hydrochloric acid in ethyl acetate was concentrated under reduced 
pressure. The residue was treated with ether to give colorless amorphous of the title compound. 

10 

'H-NMR (DMSO-dg) 6: 1.02-1.25 (2H. m). 1.62-1.78 (2H, m), 1.95-2.18 (1H, m), 2.99-3.18 (2H, m), 3.24 (2H, d, 
J=7.2Hz). 3.45 (4H, s), 3.79 (2H, s), 4.06-4.24 (2H. m). 7.15 (2H, d. J=7.6Hz). 7.44 (1H. d. J=:15,6Hz), 7.52 (1H, d, 
J=l5.6Hz). 7.65 (2H. d. J=8.6Hz). 7.82 (2H, d. J=8.6Hz). 8.20 (2H, d. J=7.6H2). 
!R(KBr):2930. 1644, 1547. 1346,1155 cm'\ 

15 

Working Example 19 

1 -n -(4-pvridvn-4-prperidvlmethyl]-4-f4^vinvlphenvtsulfonvfV2-DiDerazinone hydrochloride 

20 [0264] According to a method described in Working Example 15, 1-[1 -(4-pyridyl)-4-pipertdylmethyl]-4-(4-vinylphe- 
nylsulfonyl)-2-pipera2inone was obtained by using 4-vinylphenylsulfonyl chloride instead of 6-chloronaphthalen€-2-suI- 
fonyl chloride. A solution of 1-(1-{4-pyridy1)-4-p1peridylmethyl]-4-(4-vinylphenylsutfonyO-2-pipera2inone in ethanol and 4 
N hydrochloric acid in ethyl acetate was concentrated under reduced pressure. The residue was crystallized from eth- 
anol to give colorless crystals of the title compound. 

25 

^H-NMR (DNSO-dg) 6: 0.97-1.20 (2H, m). 1.52-1.68 (2H, m), 1.85-2.09 (1H, m). 2.98-3.15 (2H, m), 3.17 (2H, d, 
J=7.2H2), 3,35 (4H, s). 3.62 (2H, s). 4.08-4.26 (2H, m), 5.51 (1H, d. J=11.0Hz), 6.08 (1H, d, J=17.6Hz). 6.88 (1H. 
dd, J=17.6, 11.0Hz), 7.15 (2H, d. J=7.6Hz). 7.73-7.84 (4H. m). 8.20 (2H. d, J=7.6Hz). 
IB (KBr):2917. 1651. 1530, 1345. 1161 cm*"". 

30 

Reference Example 31 

4-benrvloxvcarbonvl-1-{4-hvdroxv-1-f4-pvridvnpipendin-4-vlmethyt|-2-oxQ-1.2.3.4-tetrahvdropvrazine 

35 [0265] A mixture of 4-hydroxypiperidine (30 g), 4-chtoropyridine hydrochloride (45 g), sodium hydrogen carbonate 
(60 g) and isoamylalcohol (300 mt) was refluxed for 60 hours. The reaction solution was cooled, and insoluble materials 
were filtered off. The filtrate was concentrated, and the resulting crystals were washed with ether and dried to give 4- 
hydroxy-1-(4-pyridyl)piperidine (18 g). 

40 'H-NMR (CDCy 5: 1.61 (2H, m), 1.96 (2H, m). 3.11 (2H, m), 3.72 (2H. m), 3,95 (1H, m), 6.66 (2H, d, J=6.6H2). 

8.23 (2H, d. J=6.6Hz). 

[0266] To a suspension of pyridinium chlorochromate (24.1 g) and sodium acetate (18.3 g) in dichloromethane (500 
ml) was added small portionwise 4-hydroxypiperidine (9.7 g), and the mixture was stirred at room temperature for 5 
45 hours. To the reaction solution was added 1 N sodium hydroxide solution, and insoluble materials were dissolved. The 
separated aqueous layer was extracted with dichloromethane, and combined dichloromethane solution was washed 
with brine, dried, concentrated and crystallized from toluene to give colorless crystals of 1-(4-pyridyl)-4-piperidinone 
{9-0 g). 

50 ''H-NMR (CDCI3) 6: 2.57 (4H, t. J=6.0Hz). 3.75 (4H. t, J=6.0Hz). 6.72 (2H, d, J=6.2H2), 8.33 (2H, d, J=6.2Hz). 

[0267] To a suspension of sodium hydride in oil (2.35 g) in dimethylsuttoxide (1 00 ml) was added portionwise, under 
ice-cooling, trimethylsulfoxonium iodide (13.5 g), and the mixture was stirred at room temperature for 30 minutes to give 
a uniform solution. To the reaction solution was added dropwlse a solution of 1 -(4-pyridyl)-4-piperidinone (9.0 g) in 
55 dimethylsulfoxide (20 ml), under ice-cooling, and the mixture was stirred at room temperature for 2 hours. To the reac- 
tion solution were added 4-benzyloxycart>onyl-2-oxo-1 ,2,3,4-letrahydropyrazine (11.8 g), potassium t-butoxide (1.7 g) 
and t-butanol (200 ml), and the mixture was stirred at 80**C for 1S hours. The reaction solution was concentrated, and 
to the residue was added water. The mixture was extracted with dichloromethane. washed with brine, dried and con- 
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centrated, and the resulting residue was purified with silica gel column chromatography (dichloromethane: methanol 
containing 10% ammonia solution=20: 1) to give colorless amorphous of the title compound (6.93 g). 

''H-NP^^R (CDCI3) 6: 1 .50-1.70 (4H. m). 3.31 (2H. m). 3.56 (2H, s), 3.67 (2H. m), 4.36 (2H, s). 5.22 (2H, s), 5.59 (1H, 
5 m). 6.39 {1H, m). 6.66 (2H. d. J=6.6H2). 7.38 (5H, s). 8.23 (2H, d, J=6.6Hz). 

Reference Example 32 

1 -[4-hvdroxv-1 -(4-pvridvhDiperidin-4-vlmethvn-2-piperazinone hydrochloride 

70 

[0268] To a solution of 4-benzyloxycarbonyl-1-[4-hydroxy-1-(4-pyridyl)pipertdin-4-ylmethyI)-2-oxo-1»2,3,4-tetrahy- 
dropyrazine (6.93 g) in methanol (100 ml) were added 4N hydrochloric acid in ethyl acetate (4 ml) and 10% palladium 
on carbon (2.0 g). and the mixture was stirred, under hydrogen atmosphere, at room temperature for 15 hours. The cat- 
alyst was removed by filtration, and the filtrate was concentrated and dried under reduced pressure to give colorless 
rs syrup of the title compound (5.39 g). 

^ H-NM R (CDCI3 + CD3OD) 6: 1 .55-1 ,90 (4H. m), 3.00-3.65 (1 OH. m), 3.9 1 (2H. m), 6.60 {2H, d, J=7.6Hz), 8.09 (2H, 
d, J=7.6H2), 

20 Working Example 20 

4-(6-chloronaphthanlene-2-sulfonvn>1-f4-hYdroxy-1-f4-pvridvnD}peridin-4-vlmethvl1-2-P(perazinon6 

[0269] To a solution of 1-[4-hydroxy-1-(4-pyridyl)piperidin-4-ylmethyl)-2-piperazinone hydrochloride (1.0 g) and tri- 
2S ethylamine (928 mg) in dichloromethane (30 ml) was added portlonwlse 6-chloronsiphthanlene-2-sultonyl chloride (BOO 
mg), and the mixture was stirred at room temperature for 1 hour. The reaction solution washed with sodium hydroxide 
solution and brine, dried and concentrated, and the residue was purified with silica gel column chromatography (dichlo- 
romethane: methanol containing 10% ammonia solution=10:1) to give coloriess solid of the title compound (1.32 g). 

30 ^H-NMR (CDCI3) 5: 1.40-1.65 (4H, m). 3.26 (2H. m). 3,39 (2H. s), 3.41 (2H, m), 3.52-3.68 (4H. m), 3.65 (2H, s). 

6,62 (2H. d, J=:6.6H2), 7.62 (1H. dd. J=2.0. 8.8Hz), 7.B0 (1H. dd, J=1.4, 8,8Hz). 7.90-7.98 (3H. m), 8.19 (2H. d. 

J=6,6Hz), 8.37 (1H, s). 

IR(KBr): 1651. 1601, 1346. 1165 cm"\ 

35 Working Example 21 

4-(6-chloronaDhthanlene-2-sutfonyn-1-f4-hvdroxv-1-(4-pyridyl)piperidin-4-vlmethvl)-2-p1perazinone hydrochloride 

[0270) To a solution of 4-(6-chloronaphthanlene-2-sutfonyI)-1 -[4-hydroxy-1-{4-pyridyl)piperidin-4-ylmethyl)-2-piper- 
40 azinone (500 mg) in ethyl acetate (30 ml) was added 4N hydrochloric acid in ethyl acetate (0.5 ml), and resulting pre- 
cipitates were filtered, washed with ethyl acetate and dried to give colorless sofid of the title compound (433 mg). 

Working Example 22 

45 4-(6-bromonaDhthanlene-2'Sulfonvh-l -f4-hvdroxv-l -f4-Dvridvnpiper(din-4-vl]-2-Dipera2inone 

[0271] According to a method described in Working Example 20, colorless solid of the title compound (1 10 mg) was 
obtained from 1-[4-hydroxy-1-(4-pyridyI)plperldrn-4-ylmethyIl-2-piperazinone hydrochloride (127 mg) and 6-brom- 
onaphthanlene-2-suIfonyl chloride (119 mg). 

50 

^H-NMR (CDCI3) 6: 1 .40-1.75 (4H, m), 3.18-3.80 (10H, m), 3.85 (2H. s), 6.62 (2H, d. J=6.8H2), 7.75 (1H, dd. J=1.8, 
8.8Hz). 7.79 (1H, dd. J=1.8. 8.8Hz). 7.88 (1H. d, J=8,8Hz), 7.94 (1H, d, J=8.8H2). 8.14 (1H, s), 8.19 (2H, d. 
J=6.8Hz), 8.35(1 H.s). 

IR(KBr): 1651. 1601, 1514, 1346, 1165 cm*V 
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Working Example 23 

1-r4-hvdroxv-1-f4-Dvric^/nDiDeridln-4-vlmethvlM-f4-vinvlbenzenesulfo^vlV2-pipe^azi 

5 [0272] According to a method described in Working Example 20, colorless solid of the title compound (714 mg) was 
obtained from 1 -[4-hydroxy-1 -{4-pyrldyl)piperidtn-4-ylmethyl]-2-piperazinone hydrochloride (750 mg) and 4-vinylbenze- 
nesutfonyl chloride (512 mg), 

^H-NMR (CDCI3) 5: 1.45-1.65 (4H, m). 3.20-3.40 (4H, m). 3.40 (2H, S). 3.50-3.70 (4H, m). 3.79 (2H. s), 5.50 (1H. 
w d. J=l 1.0Hz). 5.93 (IH. d. J=17.6H2), 6.64 (2H. d, J=6.6Hz). 6.78 (1H. dd. J=11.0. 17.6H2), 7.59 (2H. d. J=8.6H2). 

7.76 (2H, d, J=8.6Hz), 8.22 (2H, d. J=6.6H2). 

Working Example 24 

15 1-[4-hvdroxy-1-f4-pvridvnpipefidin-4-vtmethvl1-4-f4-vinvlbenzene5ulfonvh-2-piperazinone hydrochloride 

[0273] According to a method described in Working Example 21 , colorless solid of the title compound (670 mg) was 
obtained by treating l-[4-hydroxy-1-(4-pyndyl)piperidin-4-ylmethyl)-4-(4-vinylben2enesulfonyO-2-piperazinone (710 
mg) with hydrochloric acid. 

20 

^H-NMR (DMSO-dg) 5: 1 .46 (4H, m), 3.20-3.45 (6H. m), 3.56 (2H, m). 3.62 (2H, s), 3.88 (2H, m), 4,87 (1H, s). 5.49 
(IH. d, J=10,6Hz). 6.07 (iH.d. J=17.6Hz), 6.87(lH,dd, J=10.6, 17.6Hz). 7.12 (2H, d, J=7.4H2), 7,77 (4H, s), 8.17 
(2H. d, J=7.4H2). 

25 Working Example 25 

4-(7-chloro-2H-benzopvran-3-sulfonvh-1-[4>hvdroxy-1-f4-pvridyl)piperidin-4-vlmethvl)-2-piDera2lnone 

[0274] To a solution of 1 -[1 -(tert-butoxycarbonyl)-4-hydroxypiperidin-4-ylmethyl]-2-piperaztnone (1 .0 g) and trtethyl- 
30 amine (991 mg) in dichloromethane (30 ml) was added portionwise, under ice-cooling, 7-chloro-4H-4-oxoben2opyran- 
3-sulfonyl chloride (900 mg), and the mixture was stirred at room temperature for 1 hour. The reaction solution was 
washed with water and brine, dried and concentrated, and the residue was purified with silica gel column chromatogra- 
phy (ethyl acetate) and crystallized from methanol to give colorless crystals of 1 -[1-(tert-butoxycarbony!)-4-hydroxypipe- 
ridin-4-ylmethyl]-4-(7-chloro-4H-4-oxoben2opyran-3-sulfonyl)-2i3ipera2lnone (400 mg). 

35 

^H-NMR (CDCI3) 6: 1,45 (9H, s), 1.40-1,65 (4H, m), 3.12 (2H, m). 3.43 (2H. m), 3.57 {2H. m), 3.70-3.90 {4H,m), 
4.06 (2H, s). 7.50 (1 H, dd, J=1.8, 8.4H2), 7.60 (1H. d, J=1 .8Hz). 8.16 (1 H. d, J=8.4H2). 8,67 (IH, s). 

[0275] To a solution ot l-[1-(tert-butoxycarbonyl)-4-hydroxypiperidin-4-ylmethyl]-4-{7-chloro-4H-4-oxobenzopyran- 
40 3-sulfonyl)-2-piperazinone (400 mg) in melhanol/THF (1 :1 , 20 ml) was added under ice-cooling sodium borohydride (41 
mg). and the mixture was stirred at room temperature for 1 hour The reaction solution was concentrated, and to the 
residue were added water and poteissium hydro gensuttate solution. The mixture was extracted with ethyl acetate, 
washed with sodium bicarbonate solution and brine and dried with sodium sulfate. The solvent was concentrated, and 
the residue was dissolved in dichloromethane (20 ml). To the solution was added triethylamine (292 mg) and then was 
45 added at O'C methanesulfonyl chloride (1 00 mg), and the mixture was stirred at room temperature for 30 minutes. The 
reaction solution was washed with sodium bicarbonate solution, citric acid solution and brine, dried and concentrated, 
and the residue was purified with silica gel column chromatography (ethyl acetate) to give colorless solid of 1-[l-(tert- 
butoxycarbonyl)-4-hydroxypiperidln-4-ylmethyl)-4-(7-chloro-2H-benzopyran-3-sulfonyl)-2-pipera2inone (150 mg). 

50 ^H-NMR (CDCI3) 5: 1.45 (9H, s). 1.40-1.70 (4H, m). 3.15 {2H. m), 3.35-3.70 (6H. m), 3.86 (2H, m). 3.94 (2H, s), 

4.89 (2H, s). 6.93 (IH. d, J=1.8Hz). 7.00 (IH. dd, J=1.B, 8.0Hz), 7.14 (1H, d. J=B.0H2), 7.29 (IH, s). 
IR (KBr):3400, 1682. 1659. 1427, 1366, 1348, 1159 cvn'\ 

[0276] To 1 -(1 -(tert-butoxycarbonyi)-4-hydroxypiperidin-4-ylmethyl]-4-(7-chtoro-2H-ben2opyran-3-sutfonyl)-2-piper- 
55 azinone (150 mg) were added 4N hydrochloric acid in ethyl acetate (8 ml) and methanol (4 ml), and the mixture vras 
stinted at room temperature for 30 minutes. The reaction solution was concentrated, and to the residue were added 4- 
chloropyridine hydrochloride (81 mg). triethylamine (81 mg) and ethanol (20 ml). The mixture was allowed to react in a 
sealed tube at 150*C for 15 hours. The reaction solution was concentrated, and the residue v/as purified with silica gel 
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column chromatography (dichloromethane: methanol containing 10% ammonia solution=:10: 1) to give colorless solid 
of the title compound (63 mg). 

^H-NMR (CDCI3) 5 : 1,50-1.75 (4H, m), 3.22-3.39 (2H, m), 3.46 (2H, s), 3.52-373 (6H. m). 3.96 (2H, s), 4.89 {2H. 
5 d. J=1.2H2), 6.65 (2H. d, J=6.5H2). 6.94 (1H. d, J=2.0Hz), 7.01 (1H, dd. J=:2.0. a.2H2), 7.15 (1H. d. J=8.2Hz), 7.30 

(1H, brs), 8.24 (2H. d. J=6.5Hz). 

Working Example 26 

10 l-[4-acetoxyO-f4-DvridynpiDeridin-4-ylmethyl]-4'(6-chloronaDhthanlene-2-sulfQnvlV2-PfPerazinQ 

(02771 To a solution of 4-(6-chloronaphthanlene-2-sulfonyl)-1 -(4-hydroxy-1 -(4-pyridyl)piperidin-4-yImethyll-2-piper- 
azinone (800 mg) in dichloromethane (30 ml) were added trlethylamine (785 mg) and acetic anhydride (476 mg), and 
the mixture was refluxed for 20 hours. The reaction solution washed with sodium bicarbonate solution and brine, dried 
15 and concentrated, and the residue was purtfled with silica gel column chromatography (dichloromethane: methanol 
containing 10% ammonia solution=20: 1) and crystallized from ether to give colorless crystals of the title compound 
(800 mg). 

^H-NMR (CDCI3) 5: 1.70 (2H. m). 2.06 (3H, s). 2.21 (2H, m), 3.02 (2H, m), 3,39 (2H, m), 3.49 (2H, m). 3.61 (2H, 
20 m), 3.83 (2H. s). 3.94 (2H, s), 6.65 (2H, d. J=6.2Hz). 7.62 (IH. dd, J=1.8, 8.BHz), 7.80 (1H, dd. J=1.8, e.BHz), 7.90- 

8.00 (3H, m), 8.25 {2H, d, J=6.2Hz). 8.36 (1H. s). 
IR(KBr): 1732, 1651. 1597, 1348, 1223, 1163cm-\ 
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Working Example 27 

l-f4-acetoxy-1-f4-pvridynpiperidin-4-vlmethvll-4-f4-vinvlben zenesulfonvh-2-piDeraz]none 



[0278] According to a method described in Working Example 26, 1 -[4-hydroxy-1 -(4-pyridyl)piper]d]n-4-ylmethy(]-4- 
(4-vinylben2enesuIfonyl)-2-piperazinone (780 mg) was subjected to acetylation to give colorless crystals of the title 
30 compound (696 mg). 

^H-NMR (CDCI3) 6: 1.81 (2H, m), 2,11 (3H. s), 2.34 (2H, m), 3.20-3.40 (4H, m), 3.52 (2H, m), 3.75 (2H, s), 3.78 
(2H, m), 3.97 (2H. s). 5.49 (IH, d, J=1 1 .OHz). 5.92 (1 H, d. J=1 7.6H2), 6.77 (2H, d, J=7.0H2), 6.78 (1 H, dd. J=1 1 .0. 
17.6Hz), 7.59 (2H. d, J=8.4Hz). 7.75 (2H, d. J=8.4Hz). 8.19 (2H, d. J=7.0Hz). 
35 IR(KBr): 1732. 1651. 1645, 1549, 1348, 1223, 1165 cm*\ 

Working Example 28 

1-f4-acetoxy-1-f4-pvridynpiperid{n-4-vlmethvn-4-f7-chlorQ- 2H-ben20Dvran'3-sultonvn-2-oiperazinone 



[0279] According to a method described in Working Example 26. 4-(7-chloro-2H-ben2opyran-3-sulfonyl)-1-[4- 
hydroxy- l-(4-pyr)dyl)piperidin-4-ylmethyH-2-piperazinone (467 mg) was subjected to acetylation to give colorless crys- 
tals of the title compound (327 mg). 

iH-NMR {CDCI3) 6 :1.70-1.88 (2H,m), 2.08(3H. s). 2.25-2.39 (2H, m), 3.01-3,18 (2H, m). 3.55 (4H. s), 3.60-3.76 
(2H. m). 3.94 (2H. s), 4.03 (2H, s), 4.90 (2H. d, J=1.2H2), 6.68 (2H, brd. J=4,4H2). 6.93 (IH, d, J=2.0Hz). 7.01 (1H, 
dd, J=2.0. 8.IH2), 7.15 (IH, d, J=8.1H2). 7.29 (IH, brs). 8.26 (2H, br). 

Reference Example 33 

4-(tert-butoxvcarbonvn-1-r4-(1H-imidazol-1-vnben2vl)-2-piDerazinone 

[0280] To a solution of N-(tert-butoxycarbonyI)ethylenediamlne (5.0 g) and 4-(l H-imidazot-1 -yl)benzaldehyde (5.35 
g) in methanol (10 ml) was added acetic acid (300 mg). and the mixture was stirred at room temperature for 1 hour To 
the mixture was added, under ice-cooling, sodium triacetoxyborohydride (318 mg), and the mixture was stirred at room 
temperature for 5 hours. The reaction solution was concentrated, and the residue was dissolved In ethyl acetate. The 
solution was extracted with water, end the aqueous layer was made alkaline with sodium hydroxide solution. The mix- 
ture was extracted with dfchloromethane and dried with sodium sulfate, and sodium sulfate was filtered off. To the filtrate 
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was added triethylamine (6.3 g) and then was added at 0**C chloroacetyl chloride {3.53 g). and the mixture was stirred 
at room temperature for 30 minutes. The reaction solution washed with sodium bicarbonate solution and brine, dried 
and concentrated, and the residue was dissolved in DMF {100 ml). To the solution was added sodium hydride in oil 
(1.50 g), and the mixture was stirred at room temperature tor 3 hours. The reaction solution was concentrated, and the 
5 residue was dissolved in ethyl acetate. The solution was washed with water and brine, dried and concentrated, and the 
residue was purified with column chromatography (ethyl acetate) to give colorless amorphous of the title compound (5.3 

g). 

^H-NMR (CDCI3) 0: 1.47 (9H. s). 3.31 {2H. t, J=5.3H2), 3.63 (2H. t. J=5.3Hz). 4.18 (2H, s), 4.66 (2H, s). 7.21 (1H. 
10 t. J=1.2H2). 7.27 (1H, t J= 1.2Hz), 7.38 {4H, s). 7.85 (1H. t, J=1,2H2). 

Reference Example 34 

i-f4-flH-imtdazoM- vnbenzvl]-2-piperazinone dihvdrochloride 

IS 

[0281] To a solution of 4-(tert-butoxycarbonyl)-H4-(1H-imida20l-1-yl)benzyI)-2-pip€ra2inone (1.5 g) in methanol 
(10 ml) was added 4N hydrochloric acid in ethyl acetate solution (50 ml), and the mixture was stirred at room tempera- 
ture for 1 hour. The reaction solution was concentrated, and the residue was powdered with ethyl acetate, filtered and 
dried to give hygroscopic coloriess solid of the title compound (1.12 g). 

20 

iH-NMR (DMSO-dg) 5: 3.58 (2H, m), 3.83 (2H, s), 4.10 (1H, s), 4.31 (1H, s), 4.70 (2H. s), 7.59 {2H. d. J=8.4H2). 
7.80 (2H, d. J=8.4Hz). 7.90 (1 H. t, J=1 .2Hz), 8.31 (1 H. dt, J=1 .2. 9.2H2). 9.83 (1 H, dt. J=1 .2, 9,6Hz), 9.97 (2H, brs). 

Reference Example 35 

25 

1- n-acetvl-4-methoxvcarbonvtpiperidin-4-vlmethvn-2-pipera2inone 

[0282] A mixture of methyl 1 -acetyl-4-cyQnoisonipecotate (3.95 g), Raney nickel (3 g), concentrated ammonia solu- 
tion (1 5 ml) and methanol (1 00 ml) was stirred at 5 atms under hydrogen atmosphere for 2 hours, and the catalyst was 

30 filtered off. The reaction solution was concentrated to give light blue oil of methyl 1 -acetyl-4-amlnomethynsonipecotate. 
To a solution of the obtained methyl 1 -acetyl-4-aminomethyllsonipecotate and N-(2.2-diethoxyethyl)-Z-glycine (6.12 g) 
in acetonitrile (100 ml) was added WSC (6.12 g), and the mixture was stin-ed at room temperature for 15 hours. The 
reaction solution was concentrated, and to the residue were added ethyl acetate and water. The separated organic layer 
was washed with water, sodium bicarbonate solution, citric acid solution and brine, dried and concentrated, and the res- 

35 (due was dissotved in toluene (100 ml). To the solution was added p-toluene sulfonic acid hydrate (164 mg), and the 
mixture was stin-ed at 1 00°C for 30 minutes. The reaction solution was washed with saturated sodium bicarbonate solu- 
tion and brine, dried and concentrated, and the residue was purified with silica gel column chromatography (ethyl ace- 
tate: methanol=50: 1) to give coloriess oil of l-(l-acetyl-4-methoxycart5onylpiperidin-4-ylmethyl)-4-ben2yloxycarbonyl- 

2- 0x0-1 ,2.3,4-tetrahydrx>pyra2ine (2.4 g). 

40 

^H-NMR (CDCI3) 8: 1.46 {2H. m). 2.07 (3H, s), 2.17 (2H. m). 2.67 (1H, m), 3.13 (1H. m), 3.57 (1H, m), 3.70 {2H, 
m). 3.73 (3H, s), 4.29 (2H, s), 4.40 (IH, m). 5.21 (2H, m), 5.35 (IH, m), 6.34 (1H, m), 7.38 (5H. s). 
IR (KBr): 1715, 1688, 1644, 1447, 1422, 1402, 1229 ctd'\ 

45 [0283] A solution of i-(VacetyM-methoxycarbonylpiperidin-4-ylmethyl)-4-ben2yloxycarbonyl-2-oxo-1 ,2,3,4-tet- 
rahydropyrazine (2.4 g) and 10% palladium on carbon (500 mg) in methanol (100 ml) was stirred at room temperature 
for 15 hours, under hydrogen atmosphere, and the catalyst was filtered off. The reaction solution was concentrated to 
give coloriess oil of the title compound (1 .40 g). 

50 Reference Example 36 

4-f6-chloronaphthanlene-2-sulfonyn-Vf4>methoxycarbonvlPine ndin-4-ylmethyh-2-piperazinone hvdrochloride 

[0284] To a solution of 1 -(1 -acetyl-4-methoxycartDonylpiperidin-4-ylmelhyl)-2-piperazinone (850 mg) and triethyl- 
55 amine (435 mg) in dichloromethane (50 ml) was added 6-chloronaphthanlene-2-sulfonyl chloride (750 mg), and the 
mixture was stin-ed at room temperature for 30 minutes. The reaction solution was diluted with dichloromethane, 
washed with water, sodium bicarbonate solution and brine, dried and concentrated, and the residue was purified with 
silica gel column chromatography {ethyl acetate: methanol=30: 1) to give colorless solid of 1 -< 1 -acetyl-4-methoxycarb- 
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onylpiperidln-4-ylrnethyl)-4-(6-chloronaphthanlene-2-sulfonyl)-2-piperazinone (1.11 g). 

[0285] To a solution of 1-(1-acetyl-4-methoxycarbQnylpIperidin-4-ylmethyi)-4-(6-chloronaphthanlene-2-sutfonyl)-2- 
piperazinone (1.25 g) in methanol (30 ml) was added concentrated hydrochloric acid (15 ml), and the mixture was 
refluxed for 5 hours. The reaction solution was concentrated, and to the residue were added ethyl acetate (50 ml) and 
5 saturated sodium hydrogen carbonate solution (50 ml). To the mixture was added di-tert-butyl bicarbonate (700 mg)» 
and the mixture was stirred at room temperature for 30 minutes. The separated organic layer was washed with water 
and brine, dried and concentrated, and the resulting residue was purified with silica gel column chromatography (hex- 
ane; ethyl acetate=l: 2) to give colorless solid of 1-[1-(tert-butoxycarbonyl)-4-methoxycaftonylpiperidin-4-ylmethyl]-4- 
(6-chloronaphlhanlene-2-sutfonyl)-2-pipera2inone (887 mg). 

10 

^H-NMR (COCI3) S: 1,37 (2H, m), 1.42 (9H, s). 1.98 (2H, m). 2.74 (2H, m). 3.35 (4H. s), 3.49 (2H. m). 3.69 (3H. s). 
3.76 (2H, s). 3.87 (2H, m), 7.60 (1H, dd, J=1 .8. 8.8H2). 7.77 (IH. dd. J=1.8. 8.8H2). 7.90-8.00 (3H, m), 8.33 (1H. s). 

[0286] To 1 -[1 -(tert-butoxycarbonyl)-4-methoxycarbonylpiperidin-4-ylmelhyll-4-(6-chloronaphthanlene-2-sulfonyl)- 
ts 2-pipera2inone (500 mg) were added 4N hydrochloric acid in ethyl acetate (15 ml) and methanol (5 mQ, and the mixture 
was stirred at room temperature for 30 minutes. The reaction solution was concentrated to give colorless solid of the 
tide compound (457 mg). 

-NMR (DMSO-de) 5: 1.55 (2H. m). 1.90 (2H. m), 2.63 (2H. m), 3.10 (2H, m), 3,20-3.40 (4H, m). 3.44 (2H. s), 
20 3.61 {3H, s), 3.70 (2H. s), 7.74 (IH, dd. J=1.8, 8.8Hz). 7,87 (IH, dd. J=1.8. 8.8Hz), 8.19 (1H. d, J=8.8H2), B.25- 

8.32 (2H, m), 8.50 (2H, brs), 8,58 (1H. s). 

Reference Example 37 

25 1-n-acetvl-4-methoxvcarbonvlDiDeridln-4-vlmethvn-4-f7-chloro-2H-benzopvran'3-sulfonvl>-2-pipera2inone 

[0287] To a solution of 1 -(1-acetyl-4-methoxycafbonylpiperidin-4-yimethyI)-2-piperazlnone (850 mg) and diisopro- 
pylethylamine (555 mg) in dichloromethane (15 ml) was gradually added dropwise at 0**C a solution of 7-chioro-4-oxo- 
4H-benzopyran-3-su!fonyl chloride (960 mg) in dichloromethane (5 ml), and the mixture was sttn-ed at 0°C for 30 mln- 
30 utes. The reaction solution was diluted with dichloromethane, washed with water, citric acid solution, sodium bicarbo- 
nate solution and brine, dried and concentrated, and the residue was purified with silica gel column chromatography 
(ethyl acetate: methanol 10: 1) to give pale yellow solid of 1-<l-acetyl-4-methoxycarbonylpiperidin-4-ylmethyl)-4-(7- 
chloro-4-oxo-4H-benzopyran-3-sulfonyl)-2-pipera2inone (1.10 g). 

[0288] To a solution of the obtained 1 -(1 -acetyl -4-methoxycarbonylplperidin-4-ylmethyl)-4-(7-chtoro-4-oxo-4H-ben- 
35 2opyran-3-sulfonyl)-2-plpera2inone (1 .10 g) In methanol (20 ml) was added sodium borohydride (1 1 6 mg), and the mix- 
ture was stirred at room temperature for 1 hour. The reaction solution was concentrated, and to the residue was added 
citric acid solution. The mixture was extracted with ethyl acetate, washed with brine, dried and concentrated, and the 
residue was dissolved in dichloromethane (20 ml). To the solution were added triethylamine (1.23 g) and methanesul- 
fonyl chloride (420 mg), and the mixture was stirred at room temperature for 1 hour. The reaction solution was diluted 
40 with dichloromethane, washed with citric acid solution and brine, dried and concentrated, and the residue was purified 
with silica gel column chromatography (ethyl acetate; methanol=20: 1) to give coloriess solid of the title compound (790 
mg). 

^H-NMR (CDCI3) 6: 1.50 (2H. m). 2.06 (3H, s), 2.15 (2H. m), 2.67 (1H, m), 3.13 (1H, m), 3.30-3.80 (7H, m). 3.75 
45 (3H, s), 3.89 (2H, s). 4.37 (1H. m), 4.88 (2H, s). 6.93 (1H, d. J=1.8Hz), 7.00 (1H. dd, J=1.8, 8.2H2), 7.14 (1H. d, 

J=e.2H2), 7.27 (IH, s). 

IR (KBr): 1726. 1644, 1634, 1601, 1485, 1451, 1348, 1325, 1161 cm ^ 
Reference Example 38 

50 

1-[1-ftert-butoxvcarbonvlV4-methoxvcarbonviDiperidin-4-vlmethvl|-4-f7-chloro-2H>benzopvran-3-sulfonvn-2-DiDerazi- 
none 

[0289] To a solution of l-(1-acety1-4-methoxycarbonylpiperidin-4-yImethyl)-4-(7-chloro-2H-benzopyran-3-sulfonyl)- 
55 2-pipera2inone (790 mg) in methanol (30 ml) was added concentrated hydrochloric acid (15 ml), and the mixture was 
refluxed for 5 hours. The reaction solution was concentrated, and to the residue were added ethyl acetate (30 ml) and 
saturated sodium hydrogen carbonate solution (30 ml) and then was added dl-tert-butyi bicarbonate (500 mg), and the 
mixture was stirred at room temperature for 30 minutes. The organic layer was separated, washed with water and brine. 
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dried and concentrated, and the resulting residue was purified with silica gel column chromatography (hexane: ethyl 
acetate=l : 2) to give colorless solid of the title compound (260 mg). 

^H-NMR(CDCl3) 5: 1.44 (9H, s). 1,30-1.60 (2H, m). 2.08 (2H, m), 2.79(2H, m), 3.35-3.65 (6H. m), 3.73 (3H, s). 3.89 
5 (2H, s). 3.92 (2H, m), 4.88 {2H, s), 6.93 (1 H, d. J=1.8Hz). 6.99 (1H. dd, J=1 .8, 8.2Hz). 7.14 (1H. d. J=B.2H2), 7.27 

(1H.S). 

IR(KBr): 1730, 1682. 1660, 1427, 1161 cm'\ 
Reference Example 39 

10 

4-(5-bromo-2-th]oDhenesulfonvn-1-ri-(tert-butoxvcarbonvnpiperidin-4-vlmethvn-2-DiDerazinone 

[0290] To a solution of l-[l-(tert-butoxycarbonyl)pipendin-4-ylmethyl]-2-piperazinone (500 mg) in ethyl acetate (15 
ml) and sodium bicarbonate solution (1 0 ml) was added at 0°C S-bromo-2-thiophenesulfonyl chloride (440 mg), and the 
15 mixture was stirred at room temperature for 30 minutes. The organic layer was separated, washed with brine, dried and 
concentrated, and the residue was purified with silica gel column chromatography (hexane: ethyl acetate=2: 3) to give 
colorless solid of the title compound (430 mg). 

^H-NMR (CDCI3) 5: 1,17 (2H, m). 1.45 (9H. s). 1.40-1.65 (2H. m), 1.83 (1H. m), 2.65 (2H. m). 3.26'(2H. m). 3.38 
20 (2H, m), 3.47 (2H. m). 3.78 (2H, s). 4.10 (2H, m), 7.17 (IH, d, J=4.0Hz), 7.36 (1H. d, J=4.0Hz). 

IR (KBr): 1686, 1659. 1427, 1402, 1366, 1242, 1165 cm''. 

Reference Example 40 

25 4-f4-f1H-lmidazol-l-vlmethvnbenzenesulfonvlVl-(DiDeridin>4-vlmethvl V2-piperazinQne dihvdrochloride 

[02S1] To a solution of l-[l-(tert-butoxycarbonyl)piperidin-4-ylmethyI]-2-piperazinone (500 mg) In ethyl acetate (15 
ml) and sodium bicarbonate solution (10 ml) was added at 0*C 4-(bromomethyl)benzenesulfonyl chloride (453 mg), and 
the mixture was stirred at room temperature for 30 minutes. The organic layer was separated, washed with brine, dried 
30 and concentrated, and the residue was purified with silica gel column chromatography (hexane: ethyl acetate=2:3) to 
give colorless crystals of 4-[4-(bromomethyl)benzenesutfonyl]-1-[l-(tert-butoxycafbonyl)piperidin-4-yImethyI]-2-plper- 
azinone (437 mg). 

''H-NMR (CDCI3) 5: 1 .1 6 (2H, m). 1 .44 (9H. s). 1 .40-1.60 {2H. m). 1 .80 (1 H, m). 2.64 (2H. m), 3.23 (2H, d, J=5.4Hz). 
35 3.34 (2H. m). 3.42 (2H. m). 3.72 (2H, s). 4.08 (2H, m), 4.51 (2H. s), 7.60 (2H. d, J=8.4Hz), 7.78 (2H, d, J=8.4H2). 

IR(KBr): 1684, 1659, 1427. 1350. 1242, 1159 cm'''. 

[0292] A mixture of 4-[4-(bromomethyl)benzenesulfonyl]-1 -{1-(tert-butoxycarbonyl)piperidin-4-ylmethyl]-2-piperazl- 
none (430 mg), potassium carbonate (1 12 mg) and imidazole (83 mg) in DMF (15 ml) was stirred at 70''C for 1 hour. 
40 The reaction solution was concentrated, and to the residue was added water. The mixture was extracted with ethyl ace- 
tate, washed with water, sodium bicarbonate solution and brine, dried and concentrated, and the residue was recrys- 
tallizedfrom ethyl acetate/hexane to give colorless crystals of 4-{4-(1H-imidazol-1-ylmethyObenzenesuffonyl)-l-[1-(tert- 
butoxyca^bo^yl)pipe^idin-4-ylmethyl]-2-piperHzinone (421 mg). 

45 ^H-NMR (CDCI3) 6: 1.16 (2H, m). 1.44 (9H, s). 1.40-1.90 (3H, m), 2.64 (2H, m), 3.22 (2H, m), 3.32 (2H. m), 3.42 

(2H, m), 3.69 (2H, s), 4.08 (2H. m). 5.24 (2H, s), 6.93 (1H, s). 7.16 (1H. s). 7.30 (2H. d. J=8.4Hz), 7.59 (1H, s). 7.78 
(2H, d, J=8.4Hz). 

IR (KBr): 1686. 1661, 1427. 1348. 1242, 1167 cm'\ 

50 [0293] To4-[4-(1H-imidazol-1-ylmethyl)benzenesulfonyl]-1-[1-(tert-butoxycarbonyl)piperidin-4-ylmethyl]-2-piperazi- 
none (420 mg) was added 4N hydrochloric acid in ethyl acetate (1 5 ml) and methanol (4 ml), and the mixture was stirred 
at room temperature tor 30 minutes. The reaction solution was concentrated to give amorphous of the title compound 
(442 mg). 

55 'H-NMR (DMSO-dfi) 6: 1.28 (2H. m), 1.61 (2H. m), 1.84 (1H, m), 2.73 (2H. m). 3.00-3.70 (10H, m), 5.60 (2H. s), 

7.67 (2H, d. J=8.2Hz). 7.75 (1H, s). 7.84 (IH, s). 8.80 (1H. brs). 9.02 (1H. brs). 9.39 (1H. s). 
IR (KBr): 3335, 2951. 1640, 1348. 1169 cm'V 
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Working Exampte 29 

4-f6-chloronaphthanlene-2-sulfonvlVW4>nH-imida?ol-1-vnbenzvlV1.2.3 .4-tetrah^^ 
[0294] 

1) To a solution of Fmoc-glycine (300 mg) and HOBt (192 mg) in DMF (20 ml) was added WSC (240nn9), and the 
mixture was stirred at room temperature for 10 minutes. To the mixture was added a solution of 2,2-dimethoxye- 
thyl[4-(1H-imida20l-1-yl)benzyl)amine (261 mg) in DMF (2 ml), and the mixture was stirred at room temperature for 
2 hours. The reaction solution was concentrated, and the residue was dissolved in ethyl acetate. The solution was 
washed with sodium bicarbonate solution and brine, dried and concentrated, and the residue was dissolved in 
dlchloromethane (10 ml). To the solution was added piperidine (2 ml), and the mixture was stirred at room temper- 
ature for 10 minutes. The reaction solution was concentrated, and the residue was dissolved in dichloromethane 
(10 ml). To the solution were added triethylamine (202 mg) and 6-chloronaphthanlene-2-sulfonyl chloride (261 mg), 
and the mixture was stin-ed was stirred at room temperature for 1 hour. The reaction solution was concentrated, and 
the residue was purified with column chromatography (ethyl acetate) to give colorless crystals of N-(2,2-dimethox- 
yethyl)-N-[4-(1Hrmida2oM-yI)benzyll- N°-(6-chtoronaphthanlene-2-sulfonyl)gIydnamide. 

^H-NMR (CDCI3) 5: 3.17 (3/5x2H. d, J=4.8Hz). 3.24 (3/5x6H. s), 3.31 (2/5x6H. s), 3.37 (2/5x2H, d. J=6.0Hz). 
3.82 (2/5X2H, s). 4.02 (3/5x2H. s), 4.1 B (3/5x1 H. t. J=4.BH2). 4.36 (2/5x1 H. t. J=5.0H2). 4.50 (2/5x2H, s\ 4.57 
(3/5x2H, s). 5.83 (IH. brs), 6.94-7.29 (6H, m). 7.49 (2/5x1 H, dd, J=2.0. 8.8H2). 7.58 (3/5x1 H. dd, J=2.0, 
8.8Hz). 7.78-7.98 (5H, m). 8.33 (2/5x1 H. s). 8.45 (3/5x1 H, s). 

2) To a solution of the above obtained N-(2.2-dimethoxyethyl)-N-{4-(1Himida2ol-1-yl)ben2yG N °'-(6<hloronaph- 
thanlene-2-sulfonyl)gtycinamide in dichloroethane (20 ml) was added p-toluene sulfonic acid (230 mg), and the 
mixture was refluxed for 30 minutes. The reaction solution was concentrated, and the residue was dissolved in ethyl 
acetate. The solution was washed whh water and brine, dried and concentrated, and the residue was purified with 
column chromatography (ethyl acetate) and recrystalllzed form dichtoromethane/ether to give colorless crystals of 
the title compound (144 mg). 

^H-NMR(CDCl3) 5: 4.28 {2H.s). 4.51 {2H,s), 5.66 (lH,d.J=5.6Hz), 6.30 (1H. d. J=5.6H2), 6.89 (2H, d, 
J=B.4H2). 6.98 (2H. d. J=8.4Hz). 7.17 (1H, s), 7,22 (iH.s), 7.57 (1H, dd, J=1.e. 8.8Hz), 7.74-7.96 (5H, m), 8.36 
(1H, s). 

IR (KBr): 1682, 1524, 1352, 1167, 706 cm'^ 
Working Example 30 

4-f6-chloronaDhthanlene-2-sulfonvn-1-f4-nH-imidazol-1 -vl>benzvl1-2-piDerazinone 

[0295] To 4-(tert-butoxycarbonyl)-1-[4-(1H-imidazol-1-yl)benzyl]-2-plpera2tnone {5.3 g) was added trifluoroacetk: 
acid (40 ml), and the mixture was allowed to stand at room temperature for 1 hour. The reaction solution vras concen- 
trated, and the residue was dissolved in dichloromethane (50 ml). To the solution were added triethylamine (9.01 g) and 
6-chloronaphthanlene-2-sulfonyl chloride (4.0 g), and the mixture was stirred at room temperature tor 1 hour. The reac- 
tion solution was separated, and the organk: layer was washed with brine, dried and concentrated. The residue was 
purified with silica gel column chromatography (ethyl acetate) and recrystallized from ethyl acetate to give colorless 
crystals of the title compound (4.93 g). 

Working Example 31 

4-f6-bromonaDhthanlene-2-sulfonvlM-f4-nH-lmlda2ol-1-vnbe n2vn-2-DiDera2inone 

[0296] To a solution of 1-[4-{lH-imida20l-1-yl)benzyl]-2-pipera2inone dihydrochloride (200 mg) In ethyl acetate (10 
ml) and sodium bicarbonate solution (10 ml) was added 6-bromonaphthanlene-2-sulfonyl chloride (186 mg). and the 
mixture was stirred at room temperature for 1 hour. The reaction solution was separated, and the organic layer was 
washed with brine, dried and concentrated. The residue was purified with silica gel column chromatography (ethyl ace- 
tate) to give coloriess crystals of the title compound (104 mg). 

'H-NMR (CDCl3)5: 3.37 (4H. s). 3.87 {2H. s). 4.58 {2H, s). 7.21 (1H. s). 7.24 (1H. t. J=1-2Hz), 7.29 (4H. s). 7.73 
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(1H, dd. J=1.8, 8.8Hz), 7.78-7.95 (4H. m), 8.1 1 (1H. s), 8.34 (1H, s). 
IR (KBr): 1653. 1524, 1346. lieScm V 

Working Example 32 

4-f6-fluoronaDhthanlene-2.sutfonvn-1 ■f4-n H-imid azoUl -vnbenzvll-2-piperazinone 



[02971 According to a method described in Working Example 31, colorless crystals of the title compound (86 mg) 
were obtained from l-[4-(lH-imidazol-1-yl)ben2yl]-2-piperazinone dihydrochloride (200 mg) and 6-fluononaphthanlene- 
10 2-sulfonyl chloride (150 mg). 

'H-NMR (CDCI3) 5: 3.38 (4H, s). 3.86 (2H. s). 4.59 {2H. s). 7.21 (IH. t. J=O.BHz), 7.24 (1H. t. J=1.2Hz). 7.30 (4H, 
s). 7.45 (IH, dt. J=2.6. 8.8Hz), 7.55 (1H. dd. J=2.2. 8.6H2), 7.74-7.84 (2H, m). 7.96 (IH. d, J=8.6Hz). 8.01 (IH, dd. 
J=5.4, B.BHz), 8.38 {1H, s). 
75 IR(KBr): 1653, 1524. 1348, 1163 cm*''. 

Working Example 33 

4-f6-methvlDhthanlene-2-sulfonvlVi'f4-nH-im ida2Ql-l-vnbenzvn-2-piperaztnone 

20 

[0298] According to a method described in Working Example 31. colorless crystals of the title compound (59 mg) 
were obtained from 1-(4-(1H-imidazol-1-yl)benzyl]-2-piperazinone dihydrochloride (200 mg) and 6-methylnaphthan- 
lene-2-sulfonyl chloride (147 mg). 

25 ^H-NMR (CDCI3) 5: 2.57 {3H. s). 3.36 (4H, s). 3.87 (2H, s). 4.57 (2H, s), 7.20 (IH. s), 7.23 (IH, s). 7.26 (4H. s), 

7.4B (IH, dd. J=1.8, B.8HZ), 7.68-7.75 (2H. m). 7.80 (IH. s), 7.88 (IH, d, J=8.8Hz). 7.90 (IH, d. J=8.BH2). 8.32 (IH, 
s). 

IR (KBr): 1651, 1524, 1346. 1163 cm'\ 

30 Working Example 34 

4-f6-chloronaphthanlene-2-sulfonvn-1-r4-f2-methvl-lH- l midazol-1-vnbenzvn-2-PiPerazinone 

[02991 To a solution of N-(tert-butoxycartonyl)ethylenediamine (431 mg) and 4-(2-methyl-lH-imida20l-l-yl)benzal- 

35 dehyde (500 mg) in dlchloromethane (10 ml) was added acetic acid (323 mg). and the mixture was stirred at room tem- 
perature for 1 hour. To the mixture was added, under icencooling, sodium triacetoxyborohydrlde (855 mg). and the 
mixture was stirred at room temperature for 1 5 hours. The reaction solution was concentrated, and the residue was dis- 
solved In ethyl acetate. The solution was extracted with water, and the aqueous layer was made alkaline with sodium 
hydroxide solution. The mixture was extracted with dichloromelhane and dried with sodium sulfate, and sodium sulfate 

40 was filtered off. To the filtrate was added triethylamtne (543 mg) and then was added at 0*C chloroacetyl chloride (455 
mg). and the mixture was stirred at room temperature for 30 minutes. The reaction solution was washed with sodium 
bicarbonate solution and brine, dried and concentrated, and the residue was dissolved in DMF (15 ml). To the solution 
was added sodium hydride in oil (129 mg), and the mixture was stin-ed at room temperature for 3 hours. The reaction 
solution was concentrated, and the residue was dissolved in ethyl acetate. The solution was washed with water and 

45 brine, dried and concentrated, and the residue was purified with column chromatography (ethyl acetate) to give 4-(tert- 
butoxycarbonyl)-1-(4-(2-methyl-1H-imida2ol-1-yl)benzyl)-2-piperazinone. To the obtained 4-{tert-butoxycarbonyl)-H4- 
(2-methyl-lH-imidazot-1-yl)benzyll-2-piperazlnone vras added trifluoro acetic acid (8 ml), and the mixture was stirred at 
room temperature for 1 hour and concentrated. The residue was dissolved in dichloromelhane (20 ml). To the solution 
was added triethylamine (1 .58 g) and then was added 6-chloronaphthanlene-2-sutfonyl chloride (700 mg). and the mlx- 

50 ture was stirred at room temperature for 1 hour. The reaction solution was separated, and the organic layer was washed 
with brine, dried and concentrated. The residue was purrtied with silica gel column chromatography (ethyl acetate) to 
give coloriess crystals of the title compound (70 mg). 

^H-NMR (CDCI3) 5: 2.34 (3H. s). 3.40 (4H. s). 3.87 (2H, s). 4.60 (2H. s), 6.95 (IH, d. J=1.4Hz), 7.02 (IH, d. 
55 J=:1.4Hz). 7.20 (2H. d, J=8.8H2). 7.29 (2H. d, J=8.8Hz). 7.60 (IH, dd, J=1.8. 8.8Hz), 7.79 (IH, dd. J=1.8. 8.8H2), 

7.90-7.98 (3H. m). 8.35 (IH, s). 
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Working Example 35 

l-n-acetimldovl-4-methoxvcafbonvlDlperidin-4-vlmethvl^4-(6-chloronaphthanlene-2-sulf^ hydro- 
chloride 

5 

[0300] To a solution of 4-(6-chloronaphthanlene-2-sulfonyl)O-(4-nnethoxycaftonylpiperidin-4-ylnriethy0-2-pipera2i^ 
none hydrochloride (100 mg) and triethylamine (294 mg) in nnethanol (15 ml) was added ethyl acetimidate (240 mg). 
and the nnixture was stinted at roonn temperature for 15 hours. The reaction solution was concentrated, and the residue 
was dissolved in dichloromethane. The solution was washed with IN sodium hydroxide solution, dried and concen- 
10 trated, and the residue was dissoJved in ethyl acetate. To the solution was added a solution of hydrochloric acid in ethyl 
acetate, and precipitated hydrochloride salt was filtered and dried to give colorless solid of the title compound (129 nng). 

^H-Nf^R (OMSO-dfi) 6: 1.51 (2H, m), 1.91 (2H. m), 2.20 (3H. s), 3.00 (2H. m), 3.20-3.40 (4H, m). 3.44 (2H. s). 3.60 
(3H, s). 3.69 (2H, s), 3.79 (2H, m). 7.75 (1 H, dd, J=:1 .8, S.SHz). 7.8B ( 1 H. dd, J=1 .8, 8.BHz). 8.20 (1 H, d. J=8.BHz), 
15 8-25-8.33 {2H. m), 8,58 (1H, s), 9.04 (2H. brs). 

Working Example 36 

4-(6-chloronaphthanlene-2-sulfonvh-1-{4-methoxvcart3onvl-1 -f4-DyridvnpiDerid(n-4-vlmethvl]-2-plpera2inone hvdro- 
20 chloride 

[0301] A solution of 4-(6-chloronaphthanlene-2-sutfonyl)-1-(4-methoxycarbonylpiperidin-4-ylmethyl)-2-plpera2i- 
none hydrochloride (237 mg), chloropyridinehydrochloride (89 mg) and triethylamine (200 mg) in ethanol (20 ml) was 
allowed to react in a sealed tube at 150^C for 15 hours. The reaction solution was concentrated, and the residue was 
25 dissolved in dichloromethane. The solution was washed with IN sodium hydroxide solution, dried and concentrated, 
and the residue was purified with silica gel column chromatography (dichloromethane: methanol containing 10% 
ammonia solution=20: 1) to give colorless solid of 4-(6-chIoronaphthanlene-2-sulfonyl)-1 -[4-methoxycarbonyl-l-(4-pyri- 
dyl)piperidin-4-ylmethyI]-2*pipera2inone (180 mg). 

30 ^H-NMR (CDCI3) 5; 1.51 (2H, m), 2.10 (2H. m). 2.84 (2H, m), 3.37 (4H. s). 3.52 (2H. s), 3.67 (2H, m), 3.71 (3H, s), 

3.79 (2H, s), 6.58 (2H, d, J=6.6Hz). 7.61 (1H. dd. J=2.0, 8.8Hz), 7.79 (1H, dd, J=1.B, 8.OH2), 7.90-8.00 <3H, m). 
8.23 (2H. d. J=6.6H2). 8.35 (1H, s). 
IR (KBr): 1728, 1661. 1595. 1348, 1 1 65 cm*^ 

35 [0302] To the obtained 4-(6-chloronaphthanlene'2-sulfonyl)-1-[4-methoxycarbonyl-1-(4-pyridy1)p!peridin-4*ylme- 
thyi]-2-piperazinone (180 mg) was added a solution of hydrochloric acid in ethyl acetate to give colorless solid of the 
title compound (150 mg) as hydrochloride salt. 

^H-NMR (DMSO-dg) 6: 1.45 (2H, m), 1.93 (2H, m), 3.06 (2H, m), 3.20-3.50 (6H, ), 3.61 (3H. s), 3.70 (2H. s), 3.98 
40 (2H. m), 7.12 (2H, d, J=7.4HZ). 7.75 (1H. dd, J=2.0, 8.8H2). 7.88 (1H, dd. J=1.B, 8.8Hz), 8.16-8.34 (5H, m), 8.59 

(1H. s). 

Working Example 37 

4-f7-chloro-2H-benzopvran-3-sulfonvlV1-r4-methoxycart?onvl-1-f4-pvridvOpberidin'4-vlmethvl)-2-piperBzino 

[0303] To l-[1-(tert-butoxycarbonyl)-4-methoxycarbonytpiperidin-4-ytmethyl)-4-(7-chloro-2H-benzopyran-3-suIfo- 
ny()-2-piperazlnone (260 mg) was added 4N hydrochloric acid in ethyl acetate (1 0 ml) and methanol (4 ml), and the mix- 
ture was stirred at room temperature for 30 minutes. The reaction solution was concentrated to give colorless solid of 

50 4-(7-chIoro-2H-benzopyran-3-sulfonyl)-1 -(4-methoxycarbonylpiperid(n-4-ylmethyl)-2-piperazinone hydrochloride (228 
mg). A solution of 4-(7-chloro-2H-benzopyran-3-sulfonyl)-1-(4-methoxycart)onyIpiperidln-4-ylmethyl)-2-plperazinone 
hydrochloride (228 mg), chloropyridine hydrochloride (80 mg) and triethylamine (225 mg) in ethanol (14 ml) was 
allowed to react in a sealed tube at 150*C for 15 hours. The reaction solution was concentrated, and the residue was 
dissolved in dichloromethane. The solution was washed with IN sodium hydroxide solution, dried and concentrated, 

55 and the residue was purified with silica gel column chromatography (dichloromethane: methanol containing 10% 
ammonia solution=20: 1) to give colorless solid of the title compound (126 mg). 

*H-NMR (CDCI3) 5: 1.60 (2H, m). 2.20 (2H. m), 2.91 (2K m). 3.37-3.56 (4H, m). 3.60 (2H, s), 3.64-3.80 (4H. m). 
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3.75 (3H, s), 3,90 (2H. s), 4,89 (2H. s), 6.62 (2H, d, J=6.6Hz), 6.93 (1H. d. J=1.8Hz), 7,00 (1H. dd. J=1.8. 8.0Hz), 
7.14 (IH. d. J=8,0H2). 7.27 (1H. s). 8.25 (2H, d. J=:6.6Hz). 
IR (KBr): 1728. 1661. 1597, 1348, 1159 cm ^ 

5 Working Example 38 

4-f6-chloronaDhthanlene-2-sulfonvlV1-f4-hvd rQXYmethvl-1-f4>DvridvnDiDeridin-4-vlm 

[0304] To a solution of 4-{6-chforonaphthaniene-2-sutfonyl)-1-[4-methoxycarbonyl-1-(4-pyridyl)pipendin-4-ylme- 
10 thyl]-2-piperazinone {95 mg) in tetrahydrofuran (20 ml) was added lithium borohydride (89 mg). and the mixture was 
stirred at room temperature tor 1 5 hours. To the reaction solution was added 1 N hydrochloric acid (0.1 ml), and the mix- 
ture was concentrated. The residue was dissolved in dichloromethane, and the solution was washed with IN sodium 
hydroxide solution, dried and concentrated. The residue was purified with silica gel column chromatography (dichlo- 
romethane: methanol containing 10% ammonia solutlon=20: 1) to give colorless solid of the title compound (32 mg). 

75 

^H-NMR(CDCl3) 5: 1.47-1.75 (4H. m), 2.60-3.00 (4H. m), 3.20-3.60 (6H. m), 3.65 (2H, s), 3.84 (2H. t, J=4.8Hz), 
6.59 (2H, d. J=:6.6Hz), 7.58 (1H, dd, J=1.8, 8.8Hz), 7.80 (IH, dd. J=1,8. S.SHz), 7.86-7.96 (3H, m). 8.04 (2H, d. 
J=6.6Hz), 8.35 (IH, s). 

IR (KBr): 1634, 1534, 1333. 1157. 1105 cm ^ 

20 

Working Example 39 

4- {f4-f6-ch!oro-2'naphthanlenesulfonvn-2-oxo-1 -DiDera zinvllmethyM •f4-ovridvnisontDecotic acid 

25 10305] To a solution of 4-{5-chloronaphthanlene-2-sulfonyl)-1-{4-methoxycart5onyl-1-(4-pyridyl)piperidin-4-ylme- 
thyl]-2- piperazinone (200 mg) in acetic acid (4 ml) was added 6N hydrochloric acid (2 ml), and the mixture was refluxed 
for B hours. The reaction solution was concentrated, and the residue v^ras purified with CHP column chromatography 
(20% acetonitrlle/water) to give colorless crystals of the title compound (163 mg). 

30 ^H-NMR (DMSO-dg) 6: 1.52 (2H. m). 2.02 (2H. m). 2.95-3.15 {4H. m), 3.41 (2H, m). 3.50-3.77 (6H. m), 7.04 (2K 

d, J=7.2Hz), 7.63 (IH. dd. J=2.2, 8.8Hz), 7.82 (IH, dd, J=1.B. 8.8Hz). 7.96-8.18 (5H, m). 8.44 (1H, s). 
IR (KBr): 1647, 1593. 1541. 1387, 1337. 1155 cm*^ 

Working Example 40 

35 

N.N-dimethvl 4-(r4-f6-chloro-2-naDhthanlenesuifonvlV2-o xo-1-DiDerazinvnmethvlV1-(4-pvridv^isonipecotam1de 

[0306] To a solution of 4-{[4-(6-chloro-2-naphthanlenesulfony!)-2-oxo-1-piperazinyl)methyl)-l-(4-pyridyl)isonipe- 
cotic acid (100 mg). dtmethylamine hydrochloride (23 mg). HOBt (42 mg) and diisopropyiethylamine (48 mg) in DMF 
40 (10 ml) was added WSC (71 mg), and the mixture was stirred at room temperature for 15 hours. The reaction solution 
was concentrated, and to the residue was added IN sodium hydroxide solution. The mixture was extracted with dichlo- 
romethane, dried and concentrated, and the residue was purified with silica gel column chromatography (dichlorometh- 
ane: methanol containing 10% ammonia solution=20: 1) to give colorless solid of the title compound (45 mg). 

45 ^H-NMR (CDCI3) 5: 1.80-2.20 (4H. m). 2.80 (3H. s). 3.04 (3H. s), 3^0-3.45 (6H, m), 3.60-3.80 (4H. m), 4.32 (2H. 

s). 6.67 (2H, d, J=6.6Hz), 7.54(1 H, dd, J=2.0. 8.8Hz). 7.80-7.98 (4H, m). 8.26 (2H, d, J=6.6Hz). 8.38 (IH. s). 
IR(KBr): 1736, 1663. 1597, 1510, 1337. 1155 cm'V 

Working Example 41 

50 

N-methvl 4-ff4-f6-chloro-2-naDhthanlenesulfonvn-2-oxo-1 -piDerazinvnmethvn-1-(4'PvridvlVisopipacotamide 

[0307] According to a method described in Working Example 40. colorless solid of the title compound (48 mg) was 
obtained from 4-{(4-(6-chloro-2-naphthanlenesulfonyl)-2-oxo-l -piperazinyOmethyl}-1 •(4-pyridyl)tsonipecotk: acid (125 
55 mg). methylamine hydrochloride (31 mg). 

^H-NMR (CDCy 5: 1.90-2.25 (4H. m). 2.88 (3H, d, J=4.2Hz), 3.35-3.50 (8H. m), 3.74 (2H. s), 3.76 (2H. m). 6.70 
(2H, d. J=6.6Hz), 7.55 (IH. br), 7,60 (IH. dd, J=2.0, B-SHz). 7.79 (IH, dd. J=1.8, 8.8Hz), 7.90-7.98{3H, m), 
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8.27(2H, d. J=6.6H2), 8.39 (1H, s). 

IR (KBr): 1732, 1651, 1597, 1543, 1337, 1159 cm* V 

Working Example 42 

4- {[4-f6-chloro-2'naphthanlenesulfonvlV2-oxoO-DiDerazlnvnmethvl)-1-{4-Dvrich^^isonb 

[03081 According to a method described in Working Example 40. colorless solid of the title compound (45 mg) was 
obtained from 44[4-{6-chloro-2-naphthanlenesu!fonyt)-2-oxo-1-pIperazlnyl]methyl)-l-(4-pyridyl)isonipecotic acid (125 
mg) and ammonium chloride (37 mg). 

^H-NMR (CDCI3) 6: 1 .90-2.20 (4H, m), 3.20-3.80 (1 OH, m), 3.79 (2H. s). 5.67 (1 H. brs), 6.57 (2H, d, J=6.6H2), 7.57 
(1H, brs), 7.59 (1H, dd, J=1.8. 8.8H2). 7.80 (1H. dd, J=1.8, 8.8H2), 7.88-7.98 (3H. m), 8.25 (2H, d. J=6 6Hz) 8 40 
(1H,S). 

IR (KBr): 3364, 3185, 1730, 1690. 1597. 1514, 1348, 1248, 1161 cm'^ 
Working Example 43 

4-(4-f4-f6-chlorDnaphthanlene-2-su[fonvtV2-oxo-1-piDera2invtmethvl]-4'hvdroxv-1-piperidinvn-1-Dvrtd]ni^ 



[0309] To a solution of 4-(6-chloronaphthanlene-2-sulfonyl)-1-[4-hydroxy-l -(4-pyridyl)plperidin-4-ylmethyf]-2-piper- 
azinone (100 mg) in dichlorom ethane (15 ml) was added m-chloroperbenzoic acid (48 mg), and the mixture was stirred 
at room temperature for 15 hours. The reaction solution was diluted with dichloromethane, washed with 1N sodium 
hydroxide solution, dried and concentrated, and the residue was purified with silk;a gel column chromatography (dichlo- 
25 romethane: methanol containing 1 0V© ammonia sotutlon=20: 1 ) to give colorless solid of the title compound (30 mg). 

^ H-NMR (COCI3) 5: 1 .40-1 .70 (4H, m). 3.1 8-3.65 (1 OH, m), 3.84 (2H, s), 6.62 (2H. d, J=7.6H2), 7.62 (1 H, dd, J=1 .8. 
8.8H2), 7.80 (1H, dd, J=1.8, S.SHz). 7.86-8.00 (5H, m). 8.37 (IH, s). 
IR (KBr): 1651, 1505, 1346, 1165 cm ^ 

30 

Working Example 44 

4-/444-(6-chloronaphthanl ene-2-sulfonvlV2-oxo-1-DiDerazinvlmethvl]-4-methoxvcarbonvl-1-Diperldlnvl)-1-pvridim 
ate 

35 

[0310] To a solution of 4-(6-chloronaphthanlene-2-sulfonyl)-1-[4-methoxycarbonyl-1-(4-pyridyt)piperidin-4-ylme- 
thyl]-2-pipera2inone (100 mg) in dichloromethane (15 ml) was added m-chloroperbenzoic acid (62 mg), and the mixture 
was stirred at room temperature for 15 hours. The reaction solution was diluted with dichloromethane, washed with 1 N 
sodium hydroxide solution, dried and concentrated, and the residue was purified with silica gel column chromatography 
40 (dichloromethane: methanol containing 10% ammonia solution=20: 1) to give colorless solid of the title compound (26 
mg). 

^H-NMR (CDCI3) 6: 1.55 (2H. m). 2.11 (2H. m), 2.89 (2H, m), 3.74 (4H, s), 3.55 (2H, s), 3.57 {2H, m), 3.73 (3H. s). 
3.79 (2H, s), 6.59 (2H, d, J=7.BH2), 7.61 (IH, dd, J=1.8. 8.8H2). 7.79 (1H, dd, J=1.8, 8.BH2). 7.90-8.00 (5H, m),' 
45 8.35 (lH,s). 

IR (KBr): 1728, 1661. 1495. 1346, 1165cm'\ 

Working Example 45 

50 4-f6-chloronaphthanl ene-2-sutfonvn-1-H([1-f4-pvridvn-4-piperidinvncvanomethyn-2-pipera2inone 

[0311] To a suspension of N-(tert-butoxycarbonyl)isonipecotic acid aldehyde (1.59 g), N-(6-chloronaphthanlene-2- 
sulfonyl)ethylenediamine hydrochloride (2.0 g) and sodium hydrogen sulfite (1.94 g) In ethanol (15 mt) was added a 
solution of potassium cyanide (609 mg) in water (6 ml), and the mixture was stirred at 50'C for 20 hours The reaction 
55 solution was concentrated, and to the residue were added dichloromethane and water. Insoluble materials were filtered 
off, and the separated organic layer was washed with brine, dried and concentrated. The residue was purified with silica 
gel column chromatography (hexane: ethyl acetate-1: 1) to give colorless syrup of N-((i-(ten.butoxycafbonyl)-4-pipe- 
ridinyl]cyanomethyl)-N'-(6-chloronaphlhanlene-2-sulfonyl)ethylenediamine (710 mg). 
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^H-NMR (CDCI3) 6; 1.20-1.40 (2H. m). 1.47 {9H. s), 1.60-1.85 (3H. m). 2.53-2.80 (3H, m), 2.90-3.20 (3H, m), 3.24 
(1H. d. J=6.2H2), 4.18 (2H, m), 4.94 (1H, m). 7.58 (1H, dd, J=1.B. 8.BHz). 7.80-7.95 (4H. m), 8.43 {1H. s). 

[0312] To a solution of N-{(1-(tert-butoxycarbonyl)-4-piperidinyl]cyanorriethyl)-N'-(6-chloronaphthanlene-2-sulfo- 
5 nyl)ethylenediamine (652 mg) and triethylamine (260 mg) in dichloro methane (20 nnl) was added chloroacetyl chloride 
(1 75 mg). and the mixture was stirred at room temperature for 30 minutes. To the reaction solution was added DBU (400 
mg), and the mixture was stirred at room temperature for 1 hour. The reaction solution was diluted with dbhlorometh- 
ane, washed with 10% citric acid solution, dried and concentrated, and the residue was purified with silica gel column 
chromatography (hexane: ethyl acetate=:1: 1) to give colorless crystals of 1-{[1-(tert-butoxycarbonyl)-4-piperidi- 
10 ny11cyanomethyl)-4-(6-chloronaphthanlene-2-sulfonyl)-2-pipera2inone (512 mg). 

^H-NMR (COCb) 5: 1.05-1.40 (2H. m), 1.44 (9H, s). 1.91 {2H. m). 2.64 (2H. m). 3.28 (1H. m), 3.40-3.80 (5H, m). 
4.00-4.30 (3H. m). 5.33 (1 H, d. J=1 0.2Hz), 7.62 (1 H. dd, J=l .8. 8.8H2). 7.79 (1 H, dd. J=1 .8. e.8Hz). 7.90-8.00 (3H. 
m), 8.36(1H.s). 
15 IR (KBr):2251. 1682, 1427, 1348, 1167 cm*^ 

[031 3] To 1 -{[1 -(tert-butoxycarbonyl)-4-piperidinyl]cyanomethyI}-4-(6-chIoronaphthanIene-2-sutfonyl)-2-pipera2i- 
none (512 mg) was added a solution of 4N hydrochloric acid in ethyl acetate (1 0 ml) and methanol (10 ml), and the mix- 
ture was stirred at room temperature for 30 minutes. The reaction solution was concentrated to give colodess crystals 

20 of 4-(6-chloronaphthanlene-2-sulfonyl)-1 -[(4-piperidinyl)cyanomethyI]-2-pipera2inone hydrochloride (430 mg). 

[0314] A solution of 4-(6-chloronaphthanlene-2-sulfonyl)-1-[{4-ptperidlny()cyanomethyl]-2-piperazinone hydrochlo- 
ride (430 mg). chloropyrldine hydrochloride (1 69 mg) and triethylamine (452 mg) in ethanol (26 ml) was allowed to react 
in a sealed tube at 150**C for 15 hours. The reaction solution was concentrated, and the residue was dissolved In dichlo- 
romethane. The solution was washed with 1 N sodium hydroxide solution, dried and concentrated, and the residue was 

25 purified with silica gel column chromatography (dichloromethane: methanol containing 10% ammonia solution=20: 1) 
to give colorless solid of the title compound (37 mg). 

^H-NMR (CDCI3) 6: 1.27 (2H, m), 1.50 (2H. m). 2.03 (1H. m), 2.73 (1H, m), 2.87 (1H, m). 3.26 (1H. m), 3.26 (1H, 
m), 3.40-4.00 (6H, m), 4.11 (1H, d. J=16.8Hz). 5.35 (1H, d, J=10.2H2), 6.63 (2H, d, J=6.6H2), 7.63 (1H, dd, J=2.2, 
30 8.8H2). 7.80 (1H, dd. J=2.0. a.8Hz), 7.90-8.00 (3H. m), 8.27 (2H, d, J=6.6H2). 8.37 (1H, s). 

IR(KBr): 1667, 1595, 1346. neScm'^ 

Working Example 46 

35 4-f6K:hloronaphthanlen e-2-suffonvl>-1 -fl -f4-f 1 H- imidazol-1 -vnDhenvnethvl1-2-DiDera2inone 

[0315] To a solution of 1 -[4-(l H-imidazol-l -yl)phenyl]ethanol (280 mg) in dichloromethane (6 ml) was added thionyl 
chloride (1 ml), and the mixture was stirred at room temperature for 30 minutes. The reaction solution was concentrated 
to give 1-{1-chloroethyl)-4-(1 H-imidazol-1 -yl)benzene. To a solution of 4-(tert-butoxycarbonyl)-2-pipera2lnone (300 mg) 

40 in DMF (20 ml) was added sodium hydride (57 mg) in oil, and the mixture was stirred at room temperature for 30 min- 
utes. To the mixture was added the above obtained 1 -(1 -chloroethyl)-4-(1 H-imidazol-1 -yl)ben2ene. and the mixture was 
stirred at room temperature for 1 5 hours. The reaction solution was concentrated, and to the residue were added ethyl 
acetate and water. The organic layer was washed with water and brine, dried and concentrated, and the residue was 
purified with silica gel column chromatography (ethyl acetate) to give coloriess amorphous of 4-(tert-butoxycarbonyl)-1- 

45 [1 -[4-(1 H-imidazol-1 -yl)phenyl]ethyl]-2-piperazinone. 

[0316] To 4-(tert-butoxycarbonyl)-1-[1-{4-(lH-imida2ot-1-yl)phenyl]ethyl]-2-piperazinone was added trifiuoroacetic 
acid (10 ml), and the mixture was stirred at room temperature for 30 minutes. The reaction solution was concentrated, 
and the residue was dissolved in dichloromethane (15 ml). To the solution were added triethylamine (700 mg) and 6- 
chloronaphthanlene-2-sulfonyl chloride (400 mg). and the mixture was stirred at room temperature for 1 hour. The reac- 

50 tion solution was concentrated, and to the residue was ethyl acetate and water. The organic layer was washed with 
water, sodium bicarbonate solution and brine, dried and concentrated, and the residue was purified with sifica gel col- 
umn chromatography (ethyl acetate) to give coloriess solid of the title compound (99 mg). 

^ H-NMR (CDCI3) 6: 1 .49 (3H. d. J=7.4H2), 2.90-3.1 5 (2H. m), 3.25-3.55 (2H. m), 3.76 (1 H, d. J=:1 6.8H2). 3.99 (1 H. 
55 d, J=16.8H2). 6.02 (1H. q. J=7.4H2). 7.21 (1H. s). 7.24 (1H, s), 7.30 (4H, s), 7.60 (IH, dd, J=1.8, a.8H2). 7.78 (1H. 

dd. J=1.8. 8.8Hz). 7.82 (IH, s), 7.88-7.98 (3H, m). 8.33 (1H. s). 
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Working Example 47 

4W6-chloronaphthanlene-2-sutfonvlVvr4- f iH-l 2.4-tr]azoie-Vvnbenzvl1-2-pipera^^ 

[0317] According to a method described in Working Example 46. colorless solid of the title compound was obtained 
from 4-(1H-1.2,4-tria2ol-1-yI)benrylalcohol instead of 1-[4-(lH-imida2ol-Vyl)phenyl]ethanol. 

iH-NMR (CDCI3) 6: 3.37 (4H, s). 3.87 (2H. s). 4.59 {2H, s). 7.31 (2H, d, J=8.6Hz), 7.53-7.64 {3H. m), 7.78 (1H, dd, 
J=1.8. 8.6H2). 7.88-7.97 {3H. m). 8.10 (1H,S). 8.34 (IH.s), 8.52 {1H. s). 
IR(KBr): 1651, 1522. 1493. 1346, 1279, 1165 cm*'*^ 

Working Example 48 

4-f6-chlQronaphthanlene-2-sijlfonvlV14tra P 5;-4-f4H-1.2.4-triazole-4-vncvclohexvlm^thvl1-g-pjperazinQ 

[0318] To a solution of methyl tranexamate hydrochloride (2.07 g). N-(2.2-diethoxyethyl)-Z-glycine (3.13 g) and 
HOBt (1 53 g) in acetonttrile (40 ml) was added WSC (2.29 g). and the mixture was stirred at room temperature for 15 
hours. The reaction solution was concentrated, and to the residue were added ethyl acetate and water. The organic 
layer washed with water, sodium bicarbonate solution, citric add solution and brine, dried and concentrated, and the 
residue was dissolved in toluene (30 ml). To the solution was added p-totuene sulfonic acid hydrate (190 mg), and the 
mixture was stin-ed at 1 0O'C for 20 minutes. The reaction solution was washed with saturated sodium bicarbonate solu- 
tion and brine, dried and concentrated, and the residue was purified wHh siiica gel column chromatography (hexane: 
ethyl acetate=2: 1) to give coloriess oil of i-(trans^-methoxycarbonylcyclohexy(methyl)-4-benzyloxycarbonyl-2-oxo- 
1 ,2,3.4-tetrahydropyrazine (2.0 g). 

[0319] A solution of i.(trans-44nethoxycarbonylcyclohexylmethyl)-4-benzyloxycarbonyl-2-oxo. 1 .2.3,4-tetrahydro- 
pyrazine (2.0 g) and 10% palladium on carbon (400 mg) In methanol (80 ml) was stirred at room temperature for 15 
hours, under hydrogen atmosphere, and the catalyst was filtered off. The reaction solution was concentrated to give 
coloriess oil of l-(trans-4-methoxycarbonylcyclohexylmethyl)-2-pipera2inone. To the obtained 1 -(trans-4-methoxycart)- 
onylcyclohexylmethyl)-2-pipera2inone were added ethyl acetate (20 ml) and sodium bicarbonate solution (20 mO, and 
then was added 6-chloro.2-naphthanlenesulfonyl chloride (1.5 g), and the mixture was stirred at room temperature for 
5 hours. The separated organic layer was washed with water and brine, dried and concentrated, and the residue was 
crystallized from ethyl acetate to give colorless crystals of 4-(6-ch!oro-2-naphthanlenesulfonyI)-1-(trans-4-methoxycar- 
bonylcyclohexylmethyl)-2-piperazinone (1,4 g). 

^H-NMR (CDCI3) 5: 0.97 (2H. m), 1.30 (2H, m). 1.36-1.70 (3H. m). 1.92 (2H, m). 2.19 (1H. m). 3.19 (2H. d. 
J=7.0H2). 3.39 (4H, s). 3.65 (3H. s). 3.78 (2H, s), 7.60 (1H. dd. J=2.2. 8.8H2). 7.79 (1H. dd, J=1.8. 8.8Hz), 7.90- 
7.97 (3H.m), 8.35 (1H, s). 

[0320] To a solution of 4-(6-chioro-2-naphthanlenesutfonyl)-1 -(trans-4-methoxycarbonylcyclohexylmethyl)-2-piper- 
azinone (1 .33 g) in methanol (10 ml) and THF (30 ml) was added IN sodium hydroxide solution (10 ml), and the mixture 
was stin-ed at room temperature for 2 hours. The reaction solution was concentrated, and the residue was dissolved in 
water. To the solution was added 1 N hydrochloric acid (10 ml), and the resulting precipitates were filtered, washed with 
water, dried and concentrated to give 4-(6-chloro-2-naphthanlenesulfonyl)-l-(trans-4-carboxycyclohexylmethyl)-2-pip- 
erazirione (1.22 g).The obtained 4-(6-chloro-2-naphthanlenesulfonyl)-1-(trans-4-cart)oxycyclohexylmethyl)-2-pipera2i- 
none (1,0 g) was suspended in DMF (25 ml). To the suspension were added diphenylphosphoryl azide (651 mg) and 
triethylamine (326 mg). and the mixture was stirred at room temperature for 3 hours. The reaction solution was concen- 
trated, and to the residue was ethyl acetate. The mixture was washed with water, dried and concentrated, and to the 
residue was added toluene (25 ml). The mixture was refluxed for 3 hours. To the mixture were added pyridine (1 ml) and 
t-butanol (1 0 ml), and the mixture was refluxed for 3 hours. The reaction solution was concentrated, and to the residue 
was ethyl acetate. The mixture was washed with water, dried and concentrated, and the residue was purified with silica 
gel column chromatography (hexane: ethyl acetate: dichloromethane= 2: 1: 1) to give colorless crystals of 1-[trans-4- 
(tert-butoxycart>onylamino)cyclohexylmethyl]-4-(6-chloronaphthanlene-2-sulfonyl)-2-piperazinone (265 mg). 

^H-NMR (CDCI3) 6: 0.90-1.10 (4H. m), 1.43 (9H, s), 1.60-1.70 (3H. m), 1.97 (2H. m). 3.16 (2H. d, J=7.0Hz), 3.37 
(1H. m), 3.39 (4H, s), 3.77 (2H,s). 4.86 (1H. d. J=6.4Hz). 7.60 (1H. dd. J=2.2. 8.8Hz), 7.79 (1H, dd. J=1.8. 8.8Hz). 
7.90-7.98 (3H. m). 8.35 (1H, s). 

[0321] To i-[trans^-(tert-butoxycarbonylamino)cyclohexylmethyl]-4-(6-chloronaphthanlene-2-sulfonyl)-2-piperazi- 
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none (265 mg) was added a solution of 4N hydrochloric acid in ethyl acetate (10 ml) and methanol (10 ml), and the mix- 
ture was stirred at room temperature for 30 minutes. The reaction solution was concentrated to give crude crystals of 
l-[trans-4-aminocyclohexylmethyl]-4-(6-chloronaphthanlene-2-suIfonyl)-2-piperazinone hydrochloride. The mixture of 
the obtained i-[trans-4-aminocyclohexylmethyI]-4-(6-chloronaphthanlene-2-sulfonyl)-2-piperazinone hydrochloride. 
N N-dimethylforniamide azine dihydrochloride (106 mg) and pyridine (10 ml) was stin-ed at 11 5'>C for 4 days. The reac- 
tion solution was concentrated, and the residue was dissolved in dichloromethane. The solution was washed with water 
and brine, dried and concentrated, and the residue was purified with silica gel column chromatography (dichlorometh- 
ane: methanol containing 10% ammonia solution=10: 1) to give colorless solid of the title compound (101 mg). 

'H-NMR (CDCI3) 6: 1.22 (2H, m), 1.50-1.90 (5H, m). 2.17 (2H, m), 3.27 (2H, d. J=6.8H2), 3.42 (4H. s), 3.72 (2H. 
s). 3.98 (1H. m). 7.61 (1H. dd. J=1.8. 8.8Hz). 7.80 (1H. dd, J=1-8, 8.SH2). 7.90-8.00 (3H. m), 8.17 (2H, s). 8.35 (1H. 

1 

IR(KBr): 1651. 1495. 1456, 1346. 1184. 1165 cm'V 
Working Example 49 

4-f6^hloro-?-naDhthanlenPsulfQnvh-1 - f4.thioureidoben2vlV2-prperazinone 

[03221 To a solution of 4.(tert-butoxycart)onyl).2-pipera2inone (600 mg) in Di^F (9 ml) was added sodium hydride 
in oil (120 mg), and the mixture was stin-ed at room temperature for 1 hour. To the mixture was added dropwise a solu- 
tion of 4-nitrobenzyl bromide (648 mg) in THF (5 ml) at 0«C. and the mixture was stln-ed for 30 minutes. The reaction 
solution was diluted with water, extracted with ethyl acetate, washed with water and brine, dried and concentrated, and 
the residue was crystallized from dHsopropyletherto give colorless crystals of 4.(tert-buto)cycarbonyl)-1-(4-nltrobenzyl)- 
2-piperazinone (765 mg). 

^H-NMR (CDCIa) 6: 1 .47 (9H. s), 3.30 (2H, m). 3.64 (2H. m). 4.19 (2H, s), 4.71 (2H, s), 7.44 (2H. d, J=8.6Hz), 8.21 
(2H.d, J=8.6H2). 

[0323] To 4-(tert-butoxycarbonyl)-1-(4-nitrobenzyl)-2-pipera2inone (335 mg) was added a solution of 4N hydrochlo- 
ric acid in ethyl acetate (10 ml), and the mixture was stirred at room temperature for 30 minutes. The reaction solution 
was concentrated, and to the residue were added ethyl acetate (10 ml) and sodium bicarbonate solution (10 ml), and 
then was added 6-chloro-2-naphthanlenesuttonyl chloride (522 mg). The mixture was stirred at room temperature for 1 
hour The separated organic layer was washed with water and brine, dried and concentrated, and the residue was crys- 
tallized from diisopropylether to give coloriess crystals of 4-(6-chloro-2-naphthanlenesulfonyl)-1 -(4-nitrobenzyl)-2-piper- 
azinone (870 mg). 

[0324] The mixture of 4-(6-chloro-2.naphthanlenesul{onyl)-1-(4-nitrobenzyl)-2-pipera2lnone (800 mg). 10 /o palla- 
dium on carbon (240mg). methanol (4 ml) and THF (1 6 ml) was stirred under hydrogen atmosphere at room tempera- 
ture, until starting materials disappeared, and the catalyst was filtered off. The solvent was concentrated to give 
colorless solid of i-(4-aminobenzyI)-4-(6-chloro-2-naphthanlenesutfonyt)-2-piperazinone. 

^H-NMR (CDCtg) 6: 3.29 (4H. s), 3.81 (2H, s). 4.41 (2H, s). 6.63 (2H. d. J=8.4Hz). 6.95 (2H. d. J=8.4H2). 7.60 (IH, 
dd. J=2.0. 8.8Hz). 7.76(1 H. dd. J=1.8, 8.8H2). 7.90-8.03 (3H. m). 8.34 (1H. s). 

[0325] The obtained 1 -(4-aminobenzyl)-4-(6-chloro-2-naphthanlenesulfonyl)-2-piperazinone was dissolved in ace- 
tone (8 ml) and THF (8 ml), and to the solution was added benzoyl isocyanate (300 mg). The mixture was stirred at 
room temperature for 1 hour. To the mixture was added 1 N sodium hydroxide solution (2 mQ. and the mixture was stin-ed 
at room temperature for 1 hour. TTie reaction solution was concentrated, and to the residue was added hydrous ethanol. 
Precipitated cr/stals were filtered, washed with ethanol and ether to give colorless crystals of the title compound (922 
mg). 

iH-NMR (DMSO-de) 5: 3.10-3.45 (4H. m). 3.76 (2H. s). 4.42 (2H. s). 7.08 (2H. d, J=B.2H2). 7.29 (2H. d, J=8.2Hz). 
7.40 (2H. br). 8.1 1 (IH. d, J=8.8Hz). 8.20-8.35 (2H. m). 8.39 (1H. s). 8.66 (IH. s). 

Working Example 50 

1-[4.f2-aminoimidazol-1-vnbenzvn-4- ( fi^hloronaDhthanlene-2-sulfonvn-2-piperq7ln9nehvdrochlppde 

[0326] To a solution of 4-(6-chloro-2-naphthanlenesulfonyl)-1 -(4.thioureidobenzyl)-2-piperazinone (520 mg) In 
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DMF (5 ml) was added methyl iodide (1 ml), and the mixture was stirred at room temperature for 3 days. The reaction 
solution was concentrated, and to the residue were added 2,2-dimethoxyethylamine (335 mg) and ethanol (4 ml). The 
mixture was refluxed for 24 hours, and the reaction solution was concentrated. To the residue were added ethanol (2 
ml) and concentrated hydrochloric acid (6 ml), and the mixture was stirred BCC for 1 hour. The reaction solution was 

5 concentrated, and to the residue were added dichloromethane (2 ml) and triethylamlne (6 ml), and then was added di- 
tert-butyl dicarbonate (335 mg), and the mixture was stirred at room temperature for 1 hour, diluted with dichlorometh- 
ane, washed with brine, dried and concentrated. The residue was purified with silica gel column chromatography 
(dichloromethane: methanol containing 10% ammonia solutlon= 50: 1->20: 1) to give colorless solid of 1-{4-[1-(tert- 
butoxycarbonyl)-2-imidazolylamino]benzy!}-4-(6-chloro-2-naphthanlenesuttonyl)-2-piperazinone (104 mg) and color- 

,0 less amorphous of i-{4-(2-aminoimida2ol-1-yl)benzyl]-4-(6-chloronaphthanlene-2-sulfonyl)-2-piperazinoneO (159 
mg). 

^H-NMR (CDCI3) 6: 3.41 (4H. s), 3.49 (2H, s), 3.86 (2H, s), 4.59 (2H. s). 6.64 (1H. d, J=2.2Hz), 6.76 (1H, d, 
J=2.2Hz), 7.33 (4H, s), 7.60 (IH, dd. J=1.8, B.SHz), 7.79 (1H, dd, J=1.8, 8.8H2). 7.90-8.00 (3H, m), 8.36 (1H. s). 

IS 

[0327] The obtained i.[4-(2-aminoimidazol-1-yl)benzyl]-4-(6-chloronaphthanlene-2-sutfonyl)-2-piperazinone (159 
mg) was converted to hydrochloride in a solution of hydrochloric acid in ethyl acetate to give colorless solid of the title 
compound (91 mg). 

20 'H-NMR (DMSO-de) 5: 3.33 (4H, m). 3.81 (2H. s), 4.54 (2H. s), 6.95 (IH, d, J=2.2Hz), 7.00-7.08 (3H, m). 7.28 (2H. 

d, J=8.8Hz). 7.34 (2H. d, J=8.8Hz), 7.73 (IH, dd, J=2.2, 8.8Hz). 7.89 (1H, dd. J=1,B, 8.8Hz), 8.15-8.33 (3H, m), 
8.60 (IH, s). 

IR (KBr): 3077. 1655, 1346, 1163cm■^ 
25 Working Example 51 

1-f4-f2-imida2olvlamino>benzyl)-4-(6-chloronaphthanlene-2-sulfonvlV2-pipera7inone 

l-{4-[1-(tert-butoxycarbonyl)-2-(midazo(ylamino]benzyl]-4-(6-chloro-2-naphthanlenesutfonyl)-2-piperazinone obtained . 
30 in Working Example 50 

[0328] 

^H-NMR (CDCI3) 5: 1.63 (9H, s), 3.28 (4H. s). 3.84 (2H, s). 4.48 (2H. s). 6.67 (1H, d. J=l .8Hz), 6.92 (IH. d, 
35 J=1.8Hz). 7.08 (2H. d. J=8.4Hz), 7.48-7.62 (2H, m), 7.76 (1H. dd, J=1.8. 8.8Hz). 7.86-7.96 (3H, m). 8.32 (1H. s). 

9.01 (IH. s). 

[0329] To 1 -{4-[1 -(tert-butoxycarbonyl)-2-imida20lytamino)benzyl}-4-(6-chloro-2-naphthantenesulfonyl)-2-piperazi- 
none (104 g) were added 4N hydrochloric acid in ethyl acetate (6 ml) and methanol (4 ml), and the mixture was stirred 
40 at room temperature for 3 hours. The reaction solution was concentrated, and to the residue was added 1 N sodium 
hydroxide solution. The mixture was extracted with dichloromethane. dried and concentrated, and the residue was puri- 
fied with silica gel column chromatography (dichloromethane: methanol containing 10% ammonia solution = 20: 1) to 
give colorless crystals of the title compound (36 mg). 

45 ^H-NMR (CDCI3 + CD3OD) 5: 3.32 (4H. s). 3.82 (2H, s), 4.45 (2H, s), 6.72 (2H, s), 7,06 (4H, s), 7.60 (1 H, dd, J=l .8, 

8.8H2), 7.77 (IH. dd, J=1.8, 8.aHz), 7.88-8.00 (3H. m), 8.34 {1H. s). 
IR (KBr): 3231, 1640. 1576, 1514. 1341. 1163 cm ^ 

Working Example 52 

50 

4-(6-chloronaphthanlene-2-sulfonvn-1-f4-f4H-1.2.3.4-triazole'4-vnbenzvlV2-Di Dera2inone 

[0330J A mixture of l-(4-aminobenzyf)-4-(6-chloronaphlhanlene-2-sutfonyl)-2-pipera2inone hydrochloride (150 
mg), N,N-dimethytformamlde azine dlhydrochloride (85 mg) and pyridine (10 ml) was refluxed for 15 hours. The reaction 
55 solution was concentrated, and the residue was dissolved in dichloromethane. The solution was washed with water and 
brine, dried and concentrated, and the residue was purified with silica gel column chromatography (ethyl acetate: meth- 
anols! 0: 1) to give coloriess solid of the title compound (109 mg). 
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^H-NMR (COCI3) S: 3.39 {4H, s). 3.86 (2H. s). 4.61 (2H, s), 7.31 {2H. d. J=B.8Hz). 7.38 (2H. d, J=8.8H2). 7.61 (1H. 
dd, J=1.8. 8.eHz), 7.79 (1H. dd. J=1.8, 8.8Hz), 7.90-7.98 (3H. m). 8.36 (1H. s). 8.44 {2H. s). 
IR{K8r): 1651, 1528. 1495. 1346. 1165 cm \ 

Working Example 53 

4-f7-chloro>2H-benzoDvran-3-suHonvl>-1-f1-f4-pvridvnDipendrn-4-vlmethvlN2-piDera2lnon hydrochloride 

[03311 To a solution of l-(l-(tert-butoxycarbonyl)piperidin-4-ylmethyl]-2-piperazinone (5.0 g) and triethylamine 
(6.792 g) in dichloromethane (80 nnl) was added dropwise at O'^C a solution ot 2-chloroethanesutfonyl chloride (4.1 1 g) 
in dichloromethane (20 ml), and the mixture was stirred at 0**C for 30 minutes. The reaction solution was diluted with 
dichloromethane, washed with water, citric acid solution, sodium bicarbonate solution and brine, dried and concen- 
trated, and the residue was purified with silica gel column chromatography (ethyl acetate) to give colorless amorphous 
of l-{1-(tert-butoxycarbonyl)piperidin-4-ylmethyl]-4-vinylsuHonyl-2-piperBzinone (3.99 g). 

'H-NMR (CDCb) 6: 1.20 (2H, m). 1.45 (9H. s). 1.60 (2H. m). 1.85 (1H. m), 2.67 (2H. m), 3.30 (2H, br). 3.46 (4H. 
s), 3.83 (2H, s). 4.10 (2H, m), 6.15 (2H, d, J=1,0, 8.8Hz). 6.34 (1H, dd, J=1.0. 16.4H2). 6.46 (1H, dd, J=8.8, 
16.4Hz). 

IR(KBr): 1686, 1659, 1427. 1348, 1161 cm"\ 

[0332] To a solution of the obtained 1-(l-(tert-butoxycarbonyl)piperidin-4-ylmethyl>4-vinylsulfonyl-2-pIpera2inone 
(3.99 g) and 4-chlorosancylaldehyde (1.61 g) in tert-butanol (35 ml) was added potassium t-butoxide (446 mg), and the 
mixture was refluxed for 4 days. The reaction solution was concentrated, and the residue was partitioned with ethyl ace- 
tate/water. The organic layer was washed with brine, dried and concentrated, and the residue was purified with silica 
gel column chromatography (hexane: ethyl acetate=1: 4) to give colorless solid of 1-{1-(tert-butoxycarbonyl)piperidin•4- 
ylmethyl]-4-(7-chloro-2H-benzopyran-3-sulfonyI)-2-piperazinone (1 .856 g). 

^H-NMR (CDClg) 5: 1.19 {2H, m), 1.45 (9H, s), 1.59 (2H. m). 1.86 (IH, m), 2.66 (2H. m). 3,29 (2H, br), 3.40-3.60 
(4H. m), 3.89 (2H. s). 4.1 0 (2H. m), 4.88 (2H, d, J=l .GHz), 6.93 (1 H, d. J=1 .8Hz), 7.00 (1 H. dd, J=:l .8, 8.OH2), 7.14 
(IH, d. J=8.0Hz), 7.28 (IH, s), 
Ifl (KBr): 1686, 1659. 1426, 1348. 1163 cm-\ 

[0333] To 1 -[1 -(tert-butoxycarbonyl)piperidin-4-ylmethyl)-4-(7-chIoro-2H-ben2opyran-3-sulfonyl)-2-pipera2inone 
(1.856 g) were added 4N hydrochloric acid in ethyl acetate (40 ml) and methanol (25 ml), and the mixture was stirred 
at room temperature for 30 minutes. The reaction solution was concentrated to give coloriess crystals of 4-(7-chloro- 
2H-benzopyran-3-sutfonyl)-1-(piperidin-4-yImethyl)-2-piperazinone hydrochloride (1.618 g). 

^H-NMR (DMSO-dg) S: 1.32 (2H. m). 1.70 (2H, m). 1.91 (IH, m), 2.78 (2H. m). 3.15-3.60 (8H, m). 3.77 (2H. s). 4,98 
(2H. d. J=0.BHz), 7.06 (1H. d. J=1.8Hz). 7.1 1 (IH. dd, J=1.8. 8.OH2). 7.48 (IH. d, J=8.0Hz). 7.50 (IH, s). 8.42 (IH. 
brs), 8.69 (IH, brs). 

IR (KBr): 2944, 1649, 1601. 1348, 1165 cm'\ 

[0334] To sodium bicarbonate solution were added 4-(7-chloro-2H-benzopyran-3-sulfonyl)-l-(piperidin-4-ylmethyl)- 
2-pipera2inone hydrochloride (1.4 g) and chloropyridine hydrochloride (1.02 g). and the mixture was extracted with 
dichloromethane (twice), dried and concentrated. To the residue vras added isoamytalcohol (50 ml), and the mixture 
was allowed to react at 130'C for 15 hours. The reaction solution was concentrated, and the residue was dissolved in 
dichloromethane. The solution was washed with IN sodium hydroxide solution, dried and concentrated, and the residue 
was purified with silica gel column chromatography (dichloromethane: methanol containing 1 0% ammonia solution=20: 
1) to give coloriess solid<0 4-(7-chloro-2H-benzopyran-3-sulfony!)-1-{1-(4-pyridyl)piperidin-4-ylmethyl)-2-piperazinone 
(608 mg). 

^H-NMR (CDCI3) 6: 1.31 (2H, m), 1.72 (2H. m). 1.98 (IH. m), 2.82 (2H, m), 3.32 (2H, d. J=7.2Hz), 3.40-3.60 (4H, 
m). 3.87 {2H. m). 3.91 (2H, s), 4.89 (2H. s), 6.63 (2H, d. J=6.4Hz), 6.93 (1H, d, J=1.8Hz), 7.00 (IH. dd, J=1.8, 
8.4Hz). 7.14 (1 H. d, J=8,0Hz), 7.29 (1H. s), 8.24 (2H, d, J=6.4Hz). 

[0335] To the obtained 4-(7-chloro-2H-benzopyran-3-sulfonyl)-1-[l-(4-pyridyl)ptperid!n-4-ylmethyl}-2-piperaz(none 
(608 mg) was added a solution of hydrochloric acid in ethyl acetate to give coloriess solid of the title compound (480 
mg) as hydrochloride salt. 
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^H-NMR (DMSO-dg) 5: 1 .1 8 {2H. m), 1 .72 (2H, m). 2.09 (1 H. m). 3. 11 (2H, m), 3,24 (2H. d. J=6.6H2), 3.35-3.60{4H. 
m). 3.78 (2H, s), 4.19 (2H. m), 4.99 (2H. s). 7.05-7.20 (4H, m), 7.48 (1H, d, J=B.0H2), 7.50 (1H. s), 8.18 (2H. m). 
I R (KBr): 3023. 1 645. 1 599. 1 547. 1 348, 1 1 59 cm ^ 

5 Wort<(ng Example 54 

1-n-acetimidovlplDeridin-4-vlnnethvlV4-f7-chloro-2H-benzoDvran -3-sulfonvlV2-piDerazi none hvdrcx:hloride 

[0336] According to a similar method described in Working Example 10. colorless solid of the title compound was 
10 obtained from 4-(7-chloro-2H-ben2opyran-3-su!fonyl)-l -(pipe ridin-4-ylmethyl)-2-pipera2l none hydrochloride. 

^H-NMR (DMSO-de) 5: 1.20 (2H, m). 1.69 (2H, m), 1.99 (IH, m). 2.25 (3H. s). 3.06 (2H, m), 3.25 (2H, d. J=7.4Hz), 
3.42 (2H. m), 3.50(2H, m), 3.78 (2H. s). 3.96 (2H, m). 4.98 (2H. s), 7.07 (1H. d, J=2.2H2). 7.11 (1H. dd. J=2.2. 
8.0H2), 7.48 (IH. d, J=8.0Hz), 7.50 (1H, s), 8.91 (2H, brs). 
15 IR (KBr): 3069, 1640, 1601, 1333. 1 157cm*\ 

Working Example 55 

4-f5-chiorobenzofuran-2-sulfonvlM-ri-(4>DVridvnpiperidin-4-ylmethvn-2-piperazinone hydrochloride 

20 

[0337] To a solution of 1 -[1 -(tert-buloxycarbonyl)piperidin-4-ylmethyll-2-piperazinone (2.5 g) and triethylamine (1 .7 
g) in dichloromethane (35 ml) was added at 0*C a solution of chloromethanesulfonyl chloride (1.26 g) in dichlorometh- 
ane (2 ml), and the mixture was stin-ed at room temperature for 30 minutes. The reaction solution was washed with 
water, 10% citric acid solution and brine, dried and concentrated, and the residue was purified with silica gel column 
25 chromatography (ethyl acetate) to give coloriess syrup of 1 -[1 -(tert-butoxycart>onyl)piperidin-4-ylmethyl]-4-(chlorometh- 
anesulfonyl)-2-plperazinone (2.47 g). 

^H-NMR {CDCI3) 5: 1.20(2H, m), 1.45 (9H. s), 1.60 (2H. m). 1.90 (IH, m), 2.69 (2H, m), 3.32 (2H, m), 3.46 (2H, m), 
3.75 (2H, m), 4.00-4.20 (4H, m), 4.58 (2H. s). 
30 IR(KBr): 1682. 1651, 1427, 1354, 1167 cm'^ 

[0338] A mixture of 1 -{1 -(tert-butoxycarbonyl)piperidin-4-yImethyl]-4-(chIoromethanesulfonyl)-2-pipera2inone (2.47 
g), 5-chlorosalicylaldehyde (91 7 mg), potassium carbonate (81 0 mg) and DMF (30 ml) was stinred at lOO^'C for 2 days, 
and the reaction solution was concentrated. To the residue was added water, and the mixture was extracted with ethyl 
35 acetate, washed with water and brine, dried and concentrated. The residue was purified with silica gel column chroma- 
tography (hexane: ethyl acetate=1 : 4) to give coloriess sofid of 1 -[1 -(tBrt-butoxycarbonyl)piperidin-4-ylmethyl]-4-(5-chlo- 
roben20furan-2-sutfony()-2-pipera2inone (272 mg). 

^H-NMR (CDCI3) 5: 1.14 (2H, m), 1.44 (9H, s), 1.58 (2H, m). 1.78 (1H, m), 2.60 (2H, m). 3.24 (2H, m), 3.44 (2H, 
40 m), 3.61 (2H, m). 3.99 (2H, s), 4.07 (2H, m), 7.39 (IH, d, J==0.eH2), 7.45 (IH, dd, J=1.8, 8.4H2). 7.51 (1H, d. 

J=8.4H2), 7.69 (IH, dd. J=0.8, 1.8Hz). 
IR (KBr): 1682, 1661, 1427, 1368. 1165 cm*\ 

[0339] To 1 -[1 -(tert-butoxycarbonyl)piperidin-4-ylmethyl]-4-(5-chloroben2oturan-2-sulfonyl)-2-pipera2tnone (270 
45 mg) were added 4N hydrochloric acid in ethyl acetate (8 ml) and methanol (2 ml), and the mixture was stirred at room 
temperature for 30 minutes. The reaction solution was concentrated to give 4-(5-chlorobenzofuran-2-sulfonyl)-1-(pipe- 
ridin-4-ylmethyl)-2-pipera2inone hydrochloride (229 mg). 

^H-NMR (DMSO-dg) 6: 1.24 (2H. m), 1.59 (2H, m), 1.83 (IH. m). 2.70 (2H, m), 3.05-3,40 (6H, m), 3.57 (2H, m), 
50 3.86 (2H, s), 7.59 (1 H, dd, J=1 .2, 8.4H2), 7.74 (1 H, s), 7.81 (1 H, d. J=8.4H2), 7.91 (1 H, d. J=:1 .2Hz). 8.31 (1 H. brs). 

8.62 (IH, brs). 

[034O] To sodium bicait)onate solution were added 4-(5-chlorobenzofuran-2-sutfonyl)-l-(piperidin-4-ylmethyl)-2- 
piperazinone hydrochloride (215 mg) and chloropyridine hydrochloride (144 mg), and the mixture was extracted with 
55 dichloromethane (twice), dried and concentrated. To the residue was added tsoamylalcohol (15 ml), and the mixture 
was allowed to react at 130**C for 15 hours. The reaction solution was concentrated, and the residue was dissolved in 
dichloromethane. The solution was washed with 1 N sodium hydroxide solution, dried and concentrated, and the residue 
was purified with silica gel column chromatography (dichloromethane: methanol containing 10% ammonia solution = 
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15: 1) to give colorless solid of 4-(5-chlorobenzofuran-2-sulfonyl)-l-[1-(4-pyridyl)piperidin-4-ylmethyl]-2-pipera2inone 
(87 mg), which was treated with hydrochloric acid to give colorless solid of the title compound (SO mg) as hydrochloride 
salt. 

5 ^H-NMR (DMSO-dg) 5: 1 .08 (2H. m). 1 .58 (2H, m). 1 .96 (1 H. m), 3.02 (2H. m), 3.1 7 (2H. d. J=7.4Hz). 3.30 (2H, m). 

3.60 (2H. m). 3.88 (2H, s). 4.1 1 (2H, m). 7.1 3 {2H. d, J=7.6H2), 7,61 (1 H, dd. J=2.2, 8.8H2). 7.74 (1 H. s). 7.82 (1 H. 
d. J=8.8Hz), 7.93 (IH, d. J=2.2Hz), 8.18 (2H, d, J=7.6H2). 

Working Example 56 

10 

4-[5-f4-chlQrQDhenvn-2-thiODhenesuifonvn-1-f1-f4 - pvridvnplperidin-4-vlnnethyl]-2-piDerazinone 

[03411 A mixture of 4-{5-bromo-2-thicphenesulfonyl)-1-[1-(tert-butoxycarbonyl)plperidin-4.ylmethyl]-2-pipera2i- 
none (1 15 mg), 4-chlorophenylboronic acid (52 mg). tetrakistriphenylphosphine palladium (25 mg), 2M sodium carbon- 
15 ate solution (0.25 ml) and dlmethoxyethane (10 ml) was refluxed for 15 hours. The reaction solution was concentrated, 
and to the residue was sodium bicarbonate solution. The mixture was extracted with ethyl acetate, washed with brine, 
dried, and concentrated, and the residue was purified with silica gel column chromatography (hexane: ethyl acetate=1: 
3) to give colorless solid of 1-[1 -(tert-butoxycarbony1)prperidin-4-ylmethyl]-4-[5-(4-chlorophenyl)-2-thiophenesutfonyl]-2- 
piperazinone (1 13 mg). 

20 

^H-NMR (CDCI3) 6: 1.16 (2H, m). 1.44 (9H, s), 1.63 (2K m), 1.83 (IH. m). 2.64 (2H, m). 3.26 (2H. br), 3.40 (2H, 
m). 3.46 {2K m). 3.82 (2H, s). 4.07 {2H, m), 7.31 (IH, d, J=4.2H2), 7.41 (2H, d, J=8.8H2). 7.53 (2H, d, J=8.BH2). 
7.56 (IH, d, J=4.2H2). 

IR (KBr): 1682, 1661, 1489. 1429. 1366, 1242, 1165 cm-\ 

25 

[0342] To 1 -[1 -(tert-butoxycarbonyl)piperidin-4-ylmethyl]-4-(5-(4-chlorophenyl)-2-thiophenesulfonyr|-2-pipera2i- 
none (115 mg) were added 4N hydrochloric acid in ethyl acetate (10 ml) and methanol (4 ml), and the mixture was 
stirred at room temperature for 30 minutes. The reaction solution was concentrated to give crude crystals of 4-[5-(4- 
chlorophenyl)-2-thiophenesulfonyl]-1-(piperidin-4-ylmethyl)-2-pipera2inone hydrochloride. A mixture of the obtained 4- 
30 [5-(4-chloropheny!)-2-thiophenesulfonyl]-1-{piperidin-4-ylmethyl)-2-pipera2inone hydrochloride and chloropyridine 
hydrochloride (85 mg) was added to sodium bicarbonate solution, and the mixture was extracted with dichloromethane 
(twice), dried and concentrated. To the residue was added isoamylalcohol (10 ml), and the mixture was stirred at 130*C 
for 15 hours. The reaction solution was concentrated, and the residue was dissolved in dichloromethane. The solution 
was washed with 1 N sodium hydroxide solution, dried and concentrated, and the residue was purified with silica gel col- 
as umn chromatography (dichloromethane: methanol containing 10% ammonia solution = 10:1) to give colorless solid of 
the title compound (42 mg). 

1H-NMR(CDCI3) 5: 1.30(2H. m), 1.70 (2H. m), 1.96 (IH, m), 2.82 (2H, m), 3,30 {2H, d. J=7.4H2), 3.38-3.55 (4H, 
m), 3.85 (2H, s), 3.87 (2H, m), 6.62 {2H, d, J=5.0Hz), 7.32 (IH. d. J=4.0H2), 7.43 (2H, d, J=8.8Hz), 7.54 (2H, d. 
40 J=8.8Hz), 7.67 (IH. d, J=4.0Hz), 8.22 (2H, d. J=6.0Hz). 

IR (KBr): 1651. 1595, 1489, 1431, 1352, 1163 cm'V 

Working Example 67 

45 1-ri -f4-pvridvl)piperidtn-4-ylmethv!]-4*f5-vinvlthiophene-2-sulfonvlV2-piperazinone hydrochloride 

[0343] A mixture of 4-(5-bromo-2-thiophenesuttonyl)-1 -[1 -(tert-butoxycarbonyl)plperidin-4-ylmethyl]-2-piperazi- 
none (200 mg). vinyltributyltin (365 mg). lithium chloride (50 mg), tetrakistriphenylphosphine palladium (50 mg) and 
dioxane (15 ml) was refluxed for 2 hours. The reaction solution was concentrated, and the residue was purified with sil- 
50 ica gel column chromatography (hexane: ethyl acetate=1 : 2) to give coloriess solid of 1-[1-(tert-butoxycarbonyl)piperi- 
din-4-ylmethyl]-4-(5-vinyl-2-thiophenesulfonyl)-2-piperazinone (209 mg). 

^H-NMR (CDCI3) 6 : 1.15 (2H. m). 1,44 (9H. s), 1.56 (2H. m), 1,84 (IH, m), 2.64 (2H, m), 3.25 (2H. m). 3.38 {2H. 
m), 3.43 (2H. m), 3.79 (2H, s), 4.08 (2H, m). 5.38 (IH, d, J=1 1.0Hz), 5.73 (IH, d. J=l7.6Hz), 6.78 (IH. dd. J=1 1.0, 
55 17.6H2), 7.01 (1H, d, J=4.2Hz), 7.45 (IH, d, Jr=4.2Hz). 

IR (KBr): 1682, 1661, 1427, 1366, 1242, 1165 cm V 

[0344] According to a similar method described in Working Example 56. colorless solid of the title compound (9 mg) 
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was obtained from 1 -[1 .{tert-butoxycartonyl)piperidin-4-y1methyl]-4-(5-vinyl-2-thiophenesuttonyl)-2-piper^^ 
instead of 1 -[1 -(tert-buto)cycarbonyt)piperidln-4-ylmethyl]-4-[5-(4<hlorophenyl)-2-thiophenesutfonyl]-2-p^ 
Free form oi the title compound was obtained and then it was treated with hydrochloric acid to give hydrochloride. 

^H-NMR (DMSO-dg) 5: 1 .08 (2H, m). 1 .64 {2H, m), 1 .99 (1 H. m). 3.00-3.65 {BH. m), 3.67 (2H. s). 4.1 7 (2H, m). 5.42 
(1H, d. J=11.0H2), 5.B3(1H. d. J=17.6H2), 6.97(1H. dd, J=11.0, 17.6Hz), 7.16 (2H. d, J=7.6Hz). 7.33 {IH. d, 
J=4'.2Hz), 7.66 (1H, d, J=4.2Hz). 8.18 (2H, m). 

Working Example 58 

1- n-acetimidovlDiDeridin-4-vimethvh-4-f6-chlorn-3 4-dihvdr onaphthanlene-2-sutfonvlV2-piperazlnone hydrochloride 

[0345] To a solution of 1 -[l-(t€rt-buto)cycart)onyl)piperidin-4-ytmethyl)-2-piperazinone (50 mg) in ethyl acetate (10 
ml) and sodium bicarbonate solution (10 ml) was added at O^^C 6-chloro-3,4-dihydronaphthanlene-2-sutfonyl chloride 
(40 mg). and the mixture was stirred at room temperature for 30 minutes. The organic layer was separated, washed with 
brine, dried and concentrated, and the residue was purified with sifica gel column chromatography (hexane: ethyl ace- 
tate='l: 4) to give coloriess wax of i-{i.{tert-butoxycarbonyl)piperidin-4-ylmethyl]-4-(6'Chloro-3.4-dlhydronaphthanlene- 

2- sulfonyl)-2-piperazinone (48 mg). 

'H-NMR (CDCI3) 5: 1.17 (2H, m), 1.45 (9H. s), 1.60 (2H. m), 1.86 (IH. m), 2.50-2.75 (4H. m), 2.94 (2H. m). 3.28 
(2H, m), 3.40-3.60 (4H, m), 3.86 (2H. s). 4.08 (2H, m), 7.14-7.27 (3H. m). 7.34 (1 H. s), 
IR (KBr): 1682, 1661. 1427, 1366. 1346. 1315. 1161 cm'''. 

[0346] To 1 -[1 -(tert-butoxycarbonyl)piperidln-4-ylmethyl)-4-{6-chloro-3,4-dihydronaphthanlene-2-sulfonyl)-2-piper- 
azinone (43 mg) was added 4N hydrochloric acid in ethyl acetate (6 ml) . and the mixture was stirred at room tempera- 
ture for 30 minutes. The reaction solution was concentrated to give crude crystals of 4-(6-chloro-3.4- 
dihydronaphthanlene-2-sulfonyI)-l-(piperidin-4-ylmethyl)-2-piperazinone hydrochloride. To a solution of the obtained 4- 
(6-chloro-3.4-dihydronaphthanlene-2-sulfonyl)-1-(piperidln-4-ylmethyl)-2-pipera2inone hydrochloride and triethylamlne 
(125 mg) In methanol (10 ml) was added ethyl acetimidate (1 01 mg). and the mixture was stirred at room temperature 
for 15 hours. The reaction solution was concentrated, and the residue was dissolved in dichloromethane. The solution 
was washed with 1 N sodium hydroxide solution, dried and concentrated, and the residue was dissolved in ethyl acetate. 
To the solution was added a solution of hydrochloric add in ethyl acetate, and precipitated hydrochloride salt was fil- 
tered and dried to give coloriess solid of the title compound (26 mg). 

^H-NMR (DMSO-de) 6: 1.19 (2H. m). 1.68 (2H. m). 2.00 (IH. m). 2.24 (3H, s). 2.55 (2H. m). 2.88-3.55 (lOH. m). 
3.73 (2H. s), 3. 85 (1 H. m). 4.05 (IH, m), 7.30-7.53 (4H. m), 8.61 (IH. brs), 9.19 (IH, brs). 



Working Example 59 

4.f6-chloro-3.4-dihvdron a phthanlenR-?-RiJlfonvl V 1-[1-M-pvridvhDiDeridin-4-vlmethvn'2-DlDerazlnone 

[03471 According to a similar method described in Working Example 15, coloriess solid of the title compound was 
obtained from 6-chloro-3,4-dihydronaphthanlene-2-sutfonyl chloride instead of 8-chloronaphthanlene-2-sulfonyl chlo- 
ride. 



^H-NMR (CDCI3) 5: 1.30 (2H. m). 1.73 (2H. m). 1.97 (IH. m). 2.60 (2H. m). 2.83 (2H, m), 2.95 (2H, m), 3.32 (2H. 
d, J=7.4HZ), 3.40-3.60 (4H. m). 3.80-3.95 (4H, m), 6.63 (2H, d, J=6.0Hz), 7.14-7.27 (3H. m), 7.35 (1 H, s), 8.24 (2H, 
d. J=6.0H2). 

IR(KBr): 1651, 1597, 1345. 1155 cm'\ 



Working Example 60 

4>f6-bromonaDhthanlene-2-sulfonvh-1-fl-M-Dvridvn Diperidin>4-vlmethvn-2-piperazinone hydrochloride 

[0348] According to a similar method described in Working Example 15, colorless solid of the title compound vras 
obtained from 6-bromonaphthanlene-2-sulfonyl chloride instead oi 6-chloronaphthanlene-2-sulfonyl chloride. 

'H-NMR(0MSO-d6) 5: 1.04 (2H. m), 1.50 {2H, m), 1.91 (IH. m). 2.96 (2H, m), 3.09 (2H. d, J=7,4H2), 3.34 (4H, s). 
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3.70 (2H. s), 4.04(2H, m). 7.09 (2H. d. J=7.4Hz), 7.80-7.95 (2H, m). 8.14-8.25 (4H, m). 8.45 (1H. s). 8.60 (1H. s). 
Working Example 61 

4'f6-tluoronaDhthanlene-2-sulfonvlV1-(1-f4-c3vridvnptperidin-4-vlmethvn-2-p1per^ hydrochloride 

[0349] According to a sinnilar method described in Workir^g Example 15, colorless solid of the title compound were 
obtained from 6-fluoronaphthanlene-2-sulfonyl chloride instead of 6-chloronaphthanlene-2-sutfonyl chloride. 

^H-NMR (DMSO-dg) 6: 1.05 (2H. m), 1.55 (2H. m), 1.91 (1H. m). 3.00 (2H, m), 3,09 (2H, d. J=7.4H2), 3.34 (4H. s), 
3.68 (2H. s), 4.10 (2H. m), 7.12 (2H, d, J=7.6H2), 7.66 (1H, dt. J=2.8, 8.8Hz). 7.80-8.00 (2H. m), 8.15-8.23 (3H, m), 
8.36 (IH, dd, J=5,4. 8.8H2), 8.61 (1H. s). 

Working Example 62 

4-f6-methvlnaDhthanlen6-2-sulfonvlV1-(l-M-py ridyl)piperidin-4-ylmethyl]-2-piperazinQne 

[0350] According to a similar method described in Working Example 15, colorless solid of the title compound were 
obtained from 6-methylnaphthanlene-2-suIfonyI chloride instead of 6-chloronaphthanlene-2-sutfonyl chloride. 

^ H-NMR (CDCI3) 5: 1 .25 (2H. m). 1 .59 (2H, m). 1 .88 (1 H, m), 2.58 (3H. s). 2.73 (2H. m), 3.23 (2H, d, J=7.2Hz), 3.41 
(4H, s), 3.78 (2H, m), 3.81 (2H, s). 6.59 (2H. d, J=6.6Hz), 7.50 (1H, dd. J=1,a, 8.6Hz), 7.70-7.78 (2H, m). 7.90 (1H, 
d, J=:8.0H2), 7.92 (IH. d, J=8.6Hz). 8.23 (2H, d, J=6.6Hz). 8.34 (IH. brs). 
IR (KBr): 1651, 1597, 1345. 1163 cm'^ 

Working Example 63 

1-f1-acetimidQvl-4-hvdroxvpiDeridin-4-vlmethvn-4-f6-chloronaDhthanlene-2-su[fonvn-2-pipera7inone hydrochloride 

[0351] According to a similar method described in Working Example 10, coloriess solid of the title compound was 
obtained from 4-(6-chIoronaphthanlene-2-sulfonyl)-1 -{4-hydroxypiperudin-4-ylmethyt)-2-pipera2inone hydrochloride. 

^H-NMR (DMSO-dg) 5: 1.30-1.60 (4H. m). 2.21 (3H. s). 3.10-3.50 (6H, m). 3.56 {2H. m). 3.69(2H, s). 3.81 {2H, m), 
4.91 (IH, brs), 7.74 (IH, dd, J=1.8, 8.8H2), 7.89 (IH, dd. J=1.8. S.eHz). 8.19 (IH, d, J=8,8H2). 8.27 (IH, s), 8.29 
(IH. d, J=8.BHz), 8.60 (2H, s), 9.17 (IH, brs). 

Working Example 64 

1-f1-acetlmidovl-4-hvdroxvDiperidin-4-vlmethvll-4-f7'bromQ-2H-benzopvran-3-sutfonvnp|perazin-2-one hydrochloride 

[0352] According to a similar method described in Working Example 10, colorless crystals of the title compound 
were obtained from 4-(7-bromo-2H-ben2opyran-3-sulfonyl)-1-(4-hydroxypiperidin-4-ylmethyl)-2-ptpera2inone hydro- 
chloride instead of l-(4-aminoben2yI)-4-(6-chloronaphthanlene-2-sulfonyl)-2-pipera2inone hydrochloride. 

^H-NMR (DMSO-dg) 5: 1.50-1.70 (4H. m). 2.45 (3H. s). 2.82-3.10 (4H. m), 3.24-3.64 (6H. m). 3.80 (2H, s), 4.99 
(2H. s). 7.20 (IH. d, J=1.8H2), 7.41 (IH, d. J=8.2H2), 7.48 (IH, s). 8.56 (IH, br s). 9.12 (IH, brs). IR (KBr): 3350, 
2978, 1647. 1595, 1561, 1495. 1481, 1416 cm-''. 

Working Example 65 

1-[1-acetimidovl-4-hvdroxyptperldin-4-vlmethvn-4-f7<hloro-6-fluoro-2H-benzopyran-3-sutfonvnpipera2ln-2-one hydro- 
chloride 

[0353] According to a similar method described in Working Example 10, colorless crystals of the title compound 
were obtained from 4-(7-chloro-6-fluoro-2H-benzopyran-3-5uIfonyl)-1 -(4-hydroxypiperldln-4-ylmelhyl)-2-piperazinone 
hydrochloride instead of 1-(4-aminoben2yl)-4-(6-chtoronaphthanlene-2-sulfonyl)-2-p)perazinone hydrochloride. 

^H-NMR (OHSO-dg) 5: 1 .50-1 .70 (4H. m), 2.25 (3H. s), 2.B0-3.02 (4H. m). 3.34-3.70 (5H. m), 3.81 (2H. s), 4.99 (2H. 
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s), 7.26 (1H, d, J=6.2Hz), 7.47 (IH, s). 7.59 (1H, d. J=9.0Hz). 8.52-8.70 (1H. br). 9.12-9.25 (1H. br). IR (KBr): 3320, 
2677, 2492, 1668. 1634, 1574, 1483, 1418 cm ''. 

Working Example 66 

5 

4-f7-bromo-2H-benzoDvran-3-sutfQnvi^144-hvdroxv-1-(4-p yridvnDiDeridin>4-vlmethvnDiD&ra2in'2-one hydrochloride 

[0354] According to a similar method described in Working Example 25, colorless crystals of the title compound 
were obtained from 7-bromo-4H-4-oxoben2opyran-3-sutfonyl chloride instead of 7-chIoro-4H-4-oxoben2opyran-3-sulfo- 
w nyl chloride. 

^H-NMR (DMSO-de) 5: 1.50-1.70 (4H, m), 3.27-3.64 (8H. m). 3.80 (2H. s), 3.90-4.03 (2H, m). 4.99 (2H, s), 7.17 
(2H, d. J=6.4Hz), 7.21 (IH, d, J=1 .8Hz), 7.26 (1H, dd. J=8.0, I.BHz), 7.41 (1H. d, J=8.0H2), 7.48 (IH. s). 8.20 (2H, 
d, J=6.4Hz), 13.20-13.40 (IH, br). IR (KBr): 3350, 3069. 2928, 1645, 1595, 1549, 1481, 1456, 1416 cm ^ 

IS 

Working Example 67 

4-f7-chloro-6-fluoro-2H-benzopvran-3-sulfonv!^1-f1-(4i3vrldvlV4-hvdroxvDiperidin-4-vlm eThvl]DiDera2in-2-o hydro- 
chloride 

20 

[0355] According to a similar method described in Working Example 25, colorless crystals of the title compound 
were obtained from 7-chloro-6-fIuoro-4H-4-oxobenzopyran-3-sutfonyl chloride instead of 7-chIoro-4H-4-oxoben2o- 
pyran-3-sulfonyl chloride. 

25 ^H-NMR (DMSO-de) 6: 1.58-1.65 (4H, m), 3.37-3.64 (SH, m), 3.80 (2H, s), 3.90-4.09 (2H, m). 4.99 {2H. s). 7.22 

(2H, d, J=6.6Hz), 7.27 (IH. d. J=6.8H2). 7.47 (IH. s), 7.59 (IH, d. J=9.4Hz), 8.20 (2H, d, J=6.6H2), 13,25-13.51 
(IH, br). IR (KBr): 3320, 3196. 2934, 1645, 1649, 1485, 1418cm-V 

Working Example 68 

30 

4-f7-chloro-4-hvdroxvcotjrmarin-3-sulfonvn-l-ri-f4-pvridvhpiperidin-4-vlmethynPipera2in-2-one 
[0356] 

35 1 ) To a suspension of 7-chloro-4-hydroxycourmarin (4.1 0 g) in 1 ,4-dtoxane was added dropwise chlorosulfonic acid 

(2.8 ml), and the mixture was stirred at room temperature overnight. Precipitates were filtered off, and the filtrate 
was washed with dioxane and diisopropylether, and dried to give coloriess crystals of 7-chloro-4-hydroxycourma- 
rin-3-sulfonic acid (3.62 g). 

40 ^H-NMR (DMSO-dg) 5: 7.44 (IH, dd, J=8.4. 2.0H2), 7.57 (IH. d, J=2.0H2). 7.87 (IH. d, J=8.4Hz). 13.90-14.30 

(lH,br). 

IR(KBr): 3085, 1740, 1713, 1634, 1605, 1559, 1491, 1447 cm*"'. 

2) To thionyl chloride(13 ml) was added 7-chloro-4-hydroxycourmarin-3-sulfonic acid (3.55 g), and the mixture was 
45 refluxed for 2 hours. Under reduced pressure, the reaction solution was concentrated, and the residue was recrys- 

tallized from toluene to give 7-chloro-4-hydroxycourmarin-3-sulfonyl chloride (2.44 g). 

3) To a solution of 1-[1 -(4-pyridyl)piperidin-4-ylmethyl]piperazin-2-one (274 mg) and diisopropylethylamine (388 
mg) in dichloromethane (5 ml) was added dropwise, under ice-cooling, a suspension of 7-chloro-4-hydroxycourma- 
rin-3-sulfonyl chloride (325 mg) in dichloromethane (15 ml), and the mixture was stirred at room temperature over- 

50 night The reaction solution was washed with 0.5N hydrochloric acid and saturated brine, dried and concentrated, 

and the residue was purified with silica gel column chromatography (eluent: methanol/dichloromethane=1/3) and 
crystallized from ethyl acetate and ethanol to give coloriess crystals the tide compound (0.108 g). 

^H-NMR (DMSO-dg) 5: 1.02-1.12 (2H, m), 1.58-1.70 (2H, m). 1.80-2,05 (IH, br). 2.82-2.85 (2H, m). 3.19 (2H. 
55 d, J=8.2Hz), 3.27-3.47 (4H. m), 3.86 (2H, s). 3.95-4.03 (2H, m), 6.97 (2H, d. J=6.8Hz). 7.23 (IH. dd, J=8.2, 

2.0H2), 7.28 (IH, d, J=:2.0Hz), 7.81 (IH, d. J=8.2Hz), 8.16 (2H, d, J=6.8Hz). 
IR(KBr): 2928, 1682, 1645, 1605, 1549, 1497, 1451. 1424 cm-\ 
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Working Example 69 

4-r7K:hloro-4-hvdro>cvcourTTiarm-3-su1tonvlV1-r4-f1-imldazolvhbe nzvnDiDere^ 

5 [0357] According to a similar method described in Working Example 68, colorless crystals of the title compound 
were obtained from 1 -[4-(1-imidazolyl)benzy[)pipera2in-2-one instead of 1-[1-(4-pyridyl)piperidin-4-ylmethyl]piperazin- 
2-one. 

^H-NMR (DMSO-dg) S: 3.18-3.47 (4H, s), 3.96 (2H. s). 4.56 (2H. s). 7.19 (IH. dd. J=8.4, 1,8Hz), 7.26 (1H, d, 
10 J=1.eH2), 7.32-7.80 (3H. m), 7.55 (2H, d. J=8.BHz). 7.77-7.84 (2H, m). 8.60 (IH, s). 

IR (KBr):3412, 1645, 1605. 1560, 1541, 1524, 1497. 1424 cm"'. 

Working Example 70 
ts 4-f7-chlQrocourmarin-3-sulfonvh-1-f4-f1-imidazolvnbenzvnDiDe razin-2-one 

[0358] 

1) To a solution of 1-[4-{l-imida20lyl)benzyl]pipera2in-2-one (586 mg) and diisopropytethylamine (368 mg) in 
20 dichloromethane (10 ml) was added dropwise, under ice-cooling, a solution of methyl chlorosuffonylacetate (380 
mg) in dichloromethane (10 ml), and the mixture was stirred at room temperature overnight The reaction solution 
was washed with 0.5N hydrochloric acid and saturated brine, dried and concentrated, and the residue was purified 
with silica gel column chromatography (eluent methanol/dichloromethane=1/10) to give coloriess oil of 1-[4-(1-imi- 
da20lyl)benzyl]-4-methoxycarbonylmethylsulfonyl-2-oxoplpera2ine (0.1 70 g). 

25 

■•H-NMR (CDCI3) 5: 3.38-3.43 (2H, m), 3.61-3.66 (2H, m), 3.80 (2H, s). 4.08 (2H, s), 4.14 (2H, s), 7.20 (IH, s). 
7.30 (1 H. S). 7.40 (4H, s), 7.87 (IH. s). 

IR(KBr): 3119. 2928. 1746, 1651, 1615, 1522. 1489. 1435 cm'"". 

30 2) To ethanol (5 ml) were added 1-[4-(1'imidazolyl)benzyl)-4-methoxycarbonylmethylsuUonyl-2-oxopiperazine 
(0.164 g), 4-chlorosancylaldehyde (66 mg) and piperidine'(1 1 mg), and the mixture was refluxed for 3 hours and 
cooled to room temperature. Precipitates were filtered off, and the filtrate was washed with ethanol and dried to give 
colorless crystals of the title compound (166 mg). 

35 ^H-NMR (CDCI3) 5: 3.39-3.44 (2H. m). 3.78-3.83 (2H, m). 4.08 (2H. s). 4.65 (2H, s), 7.23 (1H, s). 7.28 (IH, s). 

7.38-7.42 (6H, m), 7.61 (IH, d. J=9,0Hz), 7.87 (IH, s), 8.53 (1H, s). 
IR (KBr): 2919. 1755, 1746, 1644, 1603. 1553, 1524. 1487. 1422 cm*"". 

Working Example 71 

40 

4-f7-chlorocourmarin-3-sulfonvlV1-l1-f4-DvridvnpiDeridin-4-vlmethvpDiDerazin-2-one 

[0359] According to a similar method described in Working Example 70, coloriess crystals of the title compound 
were obtained from 1-[1 -(4-pyridyl)piperidin-4-ylmethyllpiperazin-2-one instead of 1 -[4-(1-rmidazolyl)benzyl]pipera2in- 
45 2-one. 

1H-NMR (CDCI3) 5: 1.21-1.41 (2H, m), 1.71-2.15 (3H, m). 2.79-2.90 (2H, m), 3.32 (2H, d. J=7.2H2), 3.46-3.52 (2H, 
m). 3,78-3.93 (4H, m). 3.98 (2H. s). 6.64 (2H. d, J=6.4Hz). 7.38-7.44 (2H. nn), 7.62 (IH, d, J=8.0Hz). 8.24 (2H, d. 
J=6.4H2). 8.54 (IH, s). 
50 IR (KBr): 2928, 2855, 1744, 1647, 1603, 1547, 1510, 1501 cmK 

Working Example 72 

methvl 3-f4-f6-chloronaphthanlene-2-sulfonvn-2-oxoD[perazine-1-vl|-3-[1-f4-pyridvOpiperidin-4-vllproDlonate 

55 

[0360] 

1 ) A solution of 1 -benzyloxycarbonyl-4-plperidinealdehyde (1 0.70 g) and methyl triphenylphosphoranilideneacetate 
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(14.38 g) in toluene (100 ml) was refluxed for 2 hours and cooled to room temperature. Under reduced pressure, 
the reaction solution was concentrated, and the residue was purified with sitica gel column chromatography (eluent: 
ethyl acetate/hexane=1/3) and crystallized from a mixture of ethyl acetate and ethanol to give coloriess crystals of 
methyl 3-(1-benzyloxycarbonylpiperidin-4-yl)acrylate (8.7B g). 

^H-NMR (CDCI3) 6: 1.32-1.47 (2H. m). 1.72-1.78 (2H, m), 2.25-2.37 (1H. m). 2.78-2.91 (2H. m), 3.74 (3H. s), 
4.17-4.24 (2H, m), 5.13 (2H. s), 5.81 (1H. dd, J=16.0, I.6H2), 6.90 (1H, dd, J=16.0, 6.6Hz). 7.30-7.38 (5H. m). 
IR (KBr): 2948. 2855, 1730. 1698, 1653, 1497, 1470. 1435 cm\ 

2) To a solution of methyl 3-(l -ben2yloxycarbonytpiperidin-4-yl)acrylate (5.55 g) and 4-(tert-butoxycarbonyO-2-plp- 
erazinone (3.66 g) in tetrahydrofuran (50 ml) was added potassium tert-butoxlde (0.56 g). and the mixture was 
stirred under nitrogen atmosphere at room temperature for 3 days. The reaction solution was diluted with ethyl ace- 
tate (50 ml), washed with 0.5N hydrochloric acid and saturated brine, dried and concentrated, and the residue was 
purified with silica gel column chromatography (eluent acetone/hexane=1/2) to give colorless amorphous of methyl 
3-(1 .benzyloxycarbonylpiperidin-4-yl)-3-[4-{tert-butoxycart>onyl)-2-oxopipera2ine-1 -ytjpropionate (5.51 g). 

3) To a solution of methyl 3-(1-b€n2yloxycarbonylpiperidin-4-yl)-3-[4-(tert-butoxycarbonyl)-2-oxopiperazlne-l- 
yl]propionate (4.78 g) in ethyl acetate (15 ml) was added 4N hydrochloric acid In ethyl acetate (15 ml), and the mix- 
ture was stin-ed at room temperature for 4 hours. The reaction solution was concentrated, and the residue was 
diluted with water, made basic with saturated sodium hydrogen cartjonate solution and extracted with dichlo- 
romethane. The extract was washed with saturated brine, dried and concentrated to give pale yellow amorphous of 
methyl 3-(1-benzyloxycarbonylprperidin-4-yl)-3-(2-oxopipera2lne-1-yl)propionate (2.34 g). 

4) To a solution of methyl 3-(l -benzyloxycartonyIpiperidin-4-yl)-3-(2-oxopipera2ine-1-yl)propionate (1 .01 g) and tri- 
ethylamine (0.51 g) in dichloromethane (10 m!) was added, under ice-cooling. 6<hloronaphthanlene-2-sulfonyl 
chloride (0.78 g). and the mixture was stirred at room temperature for 6 hours. The reaction solution was washed 
with 0X5N sodium hydrogen carbonate solution and saturated brine, dried and concentrated, and the residue was 
purified with silica gel column chromatography (eluent: acetone /hexane=1/3) to give colorless amorphous of 
methyl 3-(1-ben2yloxycarbonylpiperidin-4-yt)-3-[4-(6-chloronaphthanlene-2-sulfonyl)-2-oxopipera2ine-1-yl]propi- 

onate (1.21 g). 

5) A mixture of methyl 3-(1-ben2yloxycart}onylpiperidin-4-yl)-3-[4-(6-chlcronaphthanlene-2-sulfonyl)-2-oxopipera- 
2ine-1 -yl]propionate (628 mg), triethylsilane (455 mg). triethylamine (30 mg) and palladium chloride (18 mg) vras 
refluxed under nitrogen atmosphere for 3 hours. The reaction solution was cooled to room temperature. To the solu- 
tion was added methanol (10 ml), and the mixture was stirred at room temperature for 30 minutes. Insoluble mate- 
rials were filtered off. and the filtrate was concentrated. To the residue were added 4-chloropyridine hydrochloride 
(221 mg). triethylamine (405 mg) and ethanol (15 ml), and the mixture was allowed to react in a sealed tube at 
150*»C for 15 hours. The reaction solution was concentrated, and the residue was purified with silica gel column 
chromatography (dichloromethane: methanol containing 10% ammonia solutlon=20: 1) and crystallized fomi a mix- 
ture of ethanol and diethylether to give colorless crystals of the title compound (1 15 mg). 

^ H-NMR (CDCI3) 5: 1 .1 3-1 .29 (2H. m). 1 .41 -1 .50 (1 H. m), 1 .68-1 .75 (1 H, m). 1 .90-2.1 5 (1 H. br). 2.57-2.84 {4H , 
m). 3.34-3.48 (4H, m). 3.57 (3H. s), 3.64-3.94 (5H, m). 6.58 (2H. d. J=6.6H2). 7.69-7.80 (2H. m). 7.95-8.06 (3H, 
m). 8.25 (2H. d. J=6.6H2), 8.39 (1H, d, J=0.BHz). 

IR (KBr): 2944, 1732, 1651, 1595. 1539. 1514, 1506. 1487, 1456, 1435 cm'^ 
Working Example 73 

1-[4-hvdroxy-1-f4-pvrimidinvnoiDeririin-4-vlmpthvl]-4-fS>c hlomnaDhthanlene-2-SUltQnvnDiDera z in- 2 -Qne 
[03611 

1) To a solution of 1 ,4-dioxa-8-azasplro[4.51decane (9.02 g) and diisopropylethylamine (9.77 g) in ethanol (30 ml) 
was added 4,6-dichloropyrimidine (9.88 g). and the mixture was stin-ed at room temperature for 1 hour The reac- 
tion solution was concentrated, and the residue was diluted with dichloromethane (150 ml). The mixture was 
washed with 0.3N sodium hydroxide solution and saturated brine, dried and concentrated, and the residue was 
crystallized from diethylether to give coloriess crystals of 8-(6-chloropyrimidine.4-yl)-l,4-d(Oxa-8-a2a- 
spiro[4.5]decane (15.84 g). 

^H-NMR (CDCI3) 5: 1.72-1.78 (4H. m). 3.73-3.79 (4H. m), 4.01 (4H. s). 6.54 (1H. d. J=0.8H2). 8.37 (1H. d, 
J=0.8H2). 
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2) To a solution of S-(6-chloropyrimidine-4-yl)-1,4-dtoxa-8-a2aspiro(4,5ldecane {12.79 g) in acetone (50 mi) was 
added 4N hydrochloric acid (50 ml), and the nnlxture was stirred at SO^C for 1 hour. Under reduced pressure, ace- 
tone was removed, and the residue was neutralized with 2N sodiunn hydroxide solution and was extracted with ethyl 
acetate. The extract was washed with saturated brine, dried and concentrated, and the residue was crystallized 
from diethyletherto give coloriess crystals of 1-(6-chloropyrimidine-4-yl)piperidin-4-one (10.09 g). 

^H-NMR (CDCI3) 5: 2.28 (4H. t, J=6.2Hz), 3.98 (4H. t. J=6.2Hz), 6.61 (1H, d. J=1.0Hz). 8.45 (1H. d. J=1,0Hz), 

3) To a solution of trimethylsutfoxonium iodide (10.56 g) in dimethylsuttoxide (50 ml) was added 60% sodium 
hydride (1 .84) in oil. and the mixture was stirred at room temperature for 1 hour. To the mixture was added, under 
ice-cooling. 1 -(6-chloropyrimtdine-4-yl)piperidin-4-one (8.50 g). and the mixture was stirred at room temperature for 
3 hours. The reaction solution was poured into ice-water, and the mixture was extracted with ethyl acetate. The 
extract was washed with saturated brine, dried and concentrated, and the residue was crystallized from diethyl- 
ether to give coloriess crystals of 6-(6-chloropyrimidine-4-yl)-1-oxa-6-a2aspiro[2.5]octane (5.67 g). 

^H-Nfy^R (CDCy 5: 1.47-1.58 (2H. m). 1.86-2.01 {2H, m). 2.76 {2H. s), 3.54-3.68 (2H, m), 4.00-4.11 (2H. m). 
6.56 (1H. d, J=:1.0Hz). 8,38 (IH. d. J=1.0Hz), 

4) To a solution of 6-(6-chloropyrimldine-4-yl)-1 -oxa-6'azaspiro[2.5]octane (4.00 g) and 4-(tert-butoxycarbonyl)-2- 
plperazinone (3.38 g) in tert-butylalcohol (50 ml) was added potassium tert-butoxide (0.57 g). and the mixture was 
stirred at BOX overnight The reaction solution was concentrated, and the residue was diluted with ethyl acetate 
(100 ml), washed with 0.5N hydrochloric acid and saturated brine, dried and concentrated. The residue was puri- 
fied with'silica gel column chromatography (eluent ethyl acetate) and crystallized from a mixture of ethyl acetate 
and diethyletherto give colorless crystals of 4-(tert-butoxycarbonyl)-1-[1-(6-chloro-4-pyrimidinyl)-4-hydroxypiperi- 
din-4-ylmethyI]piperazin-2-one (5.51 g). 

1H-NMR (CDCI3) 5: 1.48 {9H, s). 1.51-1.75 (4H, m), 3.32-3.48 (6H, m), 3.64-3.69 (2H. m), 4.16 (2H. s). 4.16- 

4.28 (2H, m), 6.52 (IH, d, J^O.BHz). 8.36 (1H, d, J=0.6Hz). 

IR (KBr):3350, 2976. 2930, 1690, 1682. 1651, 1576, 1520, 1495, 1418 cm-\ 

5) In ethanol (30 rnt) wasdissoK^ed4-(terl-butoxycarbonyl)-1-[1-(6<hloro-4-pyrimidinyl)-4-hydroxypiperidin-4-ylm 
thyllpiperazin-2-one (808 mg). and to the solution was added 1 0% palladium on carbon (containing 50% water. 242 
mg). Under hydrogen atmosphere, the mixture was vigorously stirred overnight, and the catalyst was removed. The 
solvent was evaporated under reduced pressure, and the residue was purified with silica gel column chromatogra- 
phy (eluent: methanot/ethyl acetate=1/10) to give coloriess amorphous of 4-(tert-butoxycarbonyl)-1-[4-hydroxy-1- 
(4-pyr(midlnyI)piperidin-4-ytmethyl]piperazin-2-one (527 mg). 

^H-NMR (CDCI3) 5: 1.48 (9H, s), 1.50-1.75 (4H. m). 3.30-3,4 (7H, m), 3.64-3.69 (2H, m). 4.16 (2H, s), 4.18- 
4.25 (2H, m). 6.52 (IH, dd. J=6.4. 1.0Hz). 8,17 (IH. d, J=6.4H2). 8.58 (1H, d, J=1.0H2), 

5) To a solution of 4-(tert-butoxycarbonyi)-1-[4-hydroxy-1-(4-pyrimidinyl)piperidin-4-ylmethyI]pipera2in-2-one (516 
mg) in tetrahydrofuran (4 ml) was added a solution of 4N hydrochloric acid in ethyl acetate (4 ml), and the mixture 
was stirred at room temperature for 4 hours. The reaction solution was concentrated, and the residue was crystal- 
lized from tetrahydrofuran to give coloriess crystals of 1 -[4-hydroxy-1 -(4-pyrimidinyl)piperidin-4-yImethyllpipera2ln- 
2-one hydrochloride (435 mg). 

6) To a solution of i-[4-hydroxy-1-(4-pyrimidinyl)piperidin-4-ylmethyllpipera2ln-2-one hydrochloride (197 mg) and 
triethylamine (182 mg) in dichlorom ethane (10 ml) was added, under ice-cooling, 6-chloronaphthanlene-2-sulfonyl 
chloride (1 88 mg). and the mixture was stirred at room temperature for 3 hours. The reaction solution was washed 
with 0.05N sodium hydrogen carbonate solution and saturated brine, dried and concentrated, and the residue was 
purified with silica gel column chromatography (eluent: methanol/ethyl acetate=1/10) and crystallized from a mix- 
ture of ethanol and diethyletherto give coloriess crystals of the trtle compound (154 mg). 

iH-NMR (CDCI3) 5: 1.40-1.62 (4H, m). 3.22-3.30 (2H. m). 3.35-3.44 (4H. m). 3.54-3.59 (2H. m). 3.85 (2H. s), 
4.13 (2H, brd, J=13.4Hz). 6.48 (IH, d, J=7.2H2). 7.62 (1H. dd. J=8.8. 1.8Hz), 7.80 (IH, dd, J=8.8. I.8H2). 7.96 
(2H, d. J=:8.8Hz), 7.96 (IH. d. J=1.8H2), 8,16 (IH. d, J=7.2Hz). 8.37 (IH. d. J=l.BHz), 8.56 (IH, s). 
IR (KBr): 2919. 1651. 1593. 1539. 1495, 1456. 1429 cm'\ 
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Working Example 74 

1-n-f6-chloroDvrimidlne-4-vlV4-hvdroxvDiDerldln>4-vlmemvi1-4-(6<hloronaphthan^ 

[0362] According to a similar method described In Working Example 73. colorless crystals of the title compound 
were obtained from 1-[l-(6-chloropyrimldine-4-yl)-4-hydroxypiperidin-4-ylmethyl]piperazin-2-one hydrochloride instead 
of 1 -[4-hydroxy-1-(4-pyrimidinyl)piperidin-4-ytmethyl]pipera2ln-2-one hydrochloride. 

'H-NMRCCDCy 6: 1 .35-1 .59 (4H. m). 3.24-3.30 (2H, m), 3.37-3.44 (4H, m). 3.53-3.5B (2H, m). 3.B5 (2H, s), 3.95- 
4.20 (3H, br), 6.48 (IH. s). 7.63 (1H, dd, J=8.8, 1.8Hz), 7.80 (1H, dd. J=a.8. I.SHz), 7.96 (2H. d, J=8.8Hz). 7.96 
(1H. d, J=1.8Hz), 8.34 (IH, s). 8.37 (IH, d. J=1.8Hz). 
IR (KBr): 2926, 1645, 15S0, 1526, 1495. 1456. 1424 cm ^ 

Working Example 75 

1-f1-f2-chlorQpvrlmldine-4-ylV4-hvdro)cypiperidin-4-vlmethvl )-4-fG-chloronaDhthanlene-2-sulfonvnDt 

[0363] According to a similar method described in Working Example 73, colorless crystals of the title compound 
were obtained from 1-[1-(2-chloropyrimidine-4-yl)-4-hydroxypiperidin-4-yImethyl]piperazin-2-one hydrochloride Instead 
of 1-[4-hydroxy-1-(4-pyrimidinyl)piperidtn-4-ylmethyI]piperazin-2-one hydrochloride. 

lH-NMR{CDCl3) 5: 1.35-1.58 (4H. m). 3.24-3.58 (8H. m), 3.85 (2H, s). 3.95-4.25 (2H. br ). 5.36 {1H, d, J=6.2Hz), 
7.62 (IH. dd, J=8.4, 1,6H2). 7.94 (1H, dd, J=8.4, 1 .6Hz), 7.95 (2H, d, J=8.4Hz). 7.96 (IH. d. J=1.6Hz). 8.00 (IN, d, 
J=6.2H2), 8.36 (IH, d, J=1 .6Hz). 

IR (KBr): 2928, 1651, 1590. 1537. 1495, 1456. 1429 cm "". 
Working Example 76 

l-ri -f6-benzvlaminopvrimidine-4-vn-4-hvdroxYpiperidin-4-vlmethvn-4 -f6-chloronaphthanlene-2-sulfQnvnpiperazi 
one 

[0364] Accondlng to a similar method described in Working Example 73, colorless crystals of the title compound 
were obtained from l-[i-(6-benzylaminopyrimidine-4-yt)-4-hydroxypiperidin-4-ylmethyl]piperazin-2-one hydrochloride 
instead ot 1-[4-hydroxy-1-(4-pyrimtdinyl)piperidln-4-ylmethyI]piperazin-2-one hydrochloride. 

^H-NMR (CDCtg) 6: 1.35-1.60 (4H, m), 3.12-3.26 {2H. m), 3.35 {2H, s). 3,37-3.42 (2H, m), 3.52-3.57 (2H, m). 3.83 
(2H, s), 3.96 (2H, br d, J=13.2Hz). 4.44 (2H, d. J=5.4H2). 5.07 (1H, br t, J=5.4H2). 5.39 (IH, s), 7.31-7.35 (5H, m). 
7.61 (IH, dd, J=8.8, 1.4Hz), 7.79 (IH, dd, J=8.e, 1.4Hz). 7.94 (2H. d. J=8.4Hz), 7.95 (IH, d, J=1.4H2). 8.15 (IH, 
s). 8.35 (IH, d, J=1.4H2). 

IR (KBr): 3320, 2926, 1645, 1595, 1549, 1495, 1454. 1429 cm '. 
Working Example 77 

1-f4-hvdroxy-1-f4-pvrimidinvnoiperidin-4-vlmethvn-4-f4-vinvlbenzenesulfonvnDip Brazin-2-one 

[0365] According to a similar method described in Working Example 73. colorless crystals of the title compound 
were obtained from 4-vinylbenzenesu!fonyl chloride instead of 6-chloronaphthanlene-2-sulfonyl chloride. 

^H-NMR (CDCI3) 6: 1.43-1.65 (4H, m). 3.25-3.39 (3H, m), 3.40 (2H. s). 3.54-3.59 (2H. m), 3.78 (2H, s). 4.15 (2H. 
br d, J=12.8H2), 4.60-4.80 {IH. br), 5.50 (IH, d, J=1 1.0Hz), 5.93 (IH, d, J=l6.6Hz), 6.49 (IH. dd, J=6.2, 1.0Hz). 
6.78 (IN, dd. J=16.0, II.OH2), 7.59 (2H. d, J=B.4Hz), 7.7B (2H. d, J=8.4H2), 8.15 (IH, d. J=6.2Hz). 8.55 (IH. d. 
J=1.0H2). 

IR (KBr): 3320, 2928, 1651, 1593. 1539, 1504, 1497, 1429 cm \ 
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Working Example 78 

1.M-acetim(dQvlp.peridtn-4.vlmgthvh-444- 0 H-1mlda7 hyglrochioride 

[0366] According to a similar method described in Working Example 1 0. colorless solid of the title compound was 
obtained irom 4-[4-(lH-imidazolO -ylmethyl)ben2enesutfonyl]-1-(piperidin-4-ylmethyI)-2-^^^ 

^H-NMR (DMSO-dfi) 6: 1.13 (2H. m). 1 .60 {2H, m), 1.91 (IH. m). 2.24 (3H, s). 2.90-3.40 (8H. m). 3.58 (2H. s). 3.85 
(1H. m). 4.02 (1H. m). 5.43 (2H. s). 7.22 (1H, s), 7.44 (IH. s). 7.55 (2H. d. J=8.4H2). 7.84 (2H. d. J=8.4Hz), 6.32 
(IH. s), 8.59 (IH. brs). 9.14 (IH. brs). 
iR(KBr): 3098, 1636, 1499, 1348, 1165 cm'''. 

Working Example 79 

4.f4WlH-imida7ol-l-vlmethvnbpn7^nesulfcnvl V i-f1-M-DvridvnDlDeridln-4-vt^^^^ hydrochloride 

[0367] A mixture of 4^4-(1 H-imida2ol-1-ylmethyl)benzenesulfonytl-1-(plperidin.4-ylmethyl)-2- piperazinone dihy- 
drochloride (209 mg) and chloropyridine hydrochloride (93 mg) was added to sodium bicarbonate solution, and the mix- 
ture was extracted with dichloromethane (twice), dried and concentrated. To the residue was added isoamylalcohol (1 0 
ml) and the mixture was stirred at 130'C for 15 hours. The reaction solution was concentrated, and the residue was 
dissolved in dichloromethane. The solution was washed with IN sodium hydroxide solution, dried and concentrated, 
and the residue was purified with slfica gel column chromatography (dichloromethane: methanol containing 10% 
ammonia solution = 7:1) to give colorless solid of 4-[4-(1 H-imidazol-l -ylmethyl)benzenesulfonyl]-Hl -(4-pyridyl)pipen- 
din-4.yImethyl]-2-piperazinone (102 mg). The obtained 4-[4-(1H.lmida2ol-1-ylmethyl)ben2enesulfonyll-H1-(4-pyri- 
dyl)piperidin-4-ylmethyl]^2-pipera2inone was dissolved in ethyl acetate (5 ml), and to the solution was added a solution 
of 4N hydrochloric add In ethyl acetate. Precipitates were filtered, washed with ethyl acetate and dried to give colorless 
solid of the title compound (103 mg). 

^H-NMR (DMSO-de) 5: 1.10 (2H. m). 1.65 (2H, m), 3.00-3.50 (SH. m), 3.59 (2H. s), 4,18 (2H. m). 5.60 (2H. s), 7.17 
{2H, d. J=7.2Hz), 7.69 (2H. d, J=8.4H2). 7.74 (1H. t. J=1.6H2), 7.84 (IH. t, J=1.6Hz), 7.88 (2H. d. J=8.4Hz), 8.19 
(2h! d, J=7.2Hz). 9.38 (1 H, s). 



Working Example 80 

(SV4-f6-chloronaDhthanlene-2-sulfonylV1-f4-f4-DV ridyl]benzvll-2-Piperazinone 

[0368J In ethanol (15 ml) was dissolved (S).4-ben2yloxycarbonyl-1-l4-(4-pyridy)benzyIl-2-pipera2inone (401 mg). 
and to the solution was added 1 0% palladium on carbon (1 60 mg). The mixture was vigorously stirred under hydrogen 
stream for 4 hours, and the catalyst was removed. The solvent was evaporated under reduced pressure, and to the res- 
idue were added 6-chloronaphthanlene-2-sulfonyl chloride (261 mg), sodium carbonate (212 mg). ethyl acetate (20 ml) 
and water (20 ml). The mixture was stirred at room temperature for 3 hours, and the separated organic layer was 
washed with saturated brine, dried and concentrated. The residue was purified with silica gel column chromatography 
(ethyl acetate: methanol = 1 0 : 1) to give pale pink crystals of the title compound (340 mg). 

^H-NMR (CDCI3) 5: 3.37 (4H. s). 3.89 (2H. s). 4.60 (2H. s), 7.27 (2H, d. J=8.3Hz), 7.45 (2H. d, J=6.2Hz), 8.53 (2H. 
d. J=8.3Hz), 7.60 (IH, dd. J=8.9. 1.9H2). 7.79 (1H. dd. J=8.8. 1.8Hz). 7.88-7.98 (3H. m). 8.36 (IH. d. J=1.6Hz). 
8.66 (2H. d. J=6.2Hz). 

IR(KBr): 1651. 1346. 1167. 964. 696. 588 cm"\ 



Working Example 81 

fSV343enzvlQXvmPfhvl-446.ch lnrona phthanlf ?pp-P-^ulfQnvlV1-r4-MH-imlda?0lO-V^^^^ 

[03691 To (S)-3-benzytoxymelhyl-4-(tert-butoxycarbonyl)-1-(4-(1H-imida20l-1-yl)ben2yl]-2-pipera2inone (477 mg) 
were added 4N hydrochloric acid in ethyl acetate (15 ml) and ethanol (5 ml), and the mixture was stirred at room tem- 
perature for 1 hour. The reaction solution was concentrated, and to the residue were added THF (15 ml), tnethylamine 
(0.558 ml). N.N-dimethylaminopyridine (catalytic amount) and 6-chloronaphthanlene-2-sulfonyl chloride (392 mg). The 
mixture was stirred at room temperature for 2 hours. The reaction solution was concentrated under reduced pressure. 
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and to the residue was added saturated sodium hydrogen carbonate solution. The mixture was extracted with ethyl ace- 
tate. The extract was washed with saturated brine, dried and concentrated, and the residue was purified with silica ge! 
column chromatography (ethyl acetate) to give amorphous of the title compound (216 mg). 

^H-NMR (CDCI3) S: 3.05 (IH. dt, J=12.0. 3.0H2), 3.18-3.35 (1H, m). 3.85-3.98 (3H. m). 4.05 (1H, d. J=15.2H2). 
4 27 (1H dd J=9.5. 3.1 Hz). 4.42 (2H. s), 4.66 (IH. t. J=2.6Hz). 5.01 (1H, d. J=15.2H2). 6.98 (2H, d, J=8.6H2). 7.12 
(2H, t. J=8,6H2). 7.1 6-7.33 (7H. m). 7.58 (IH, dd, J=8.9. 2.1H2). 7.50 (1H. t. J^I.OHz). 7.81-7.92 (4H, m), 8.41 (IH, 

IR(KBr): 1651, 1522. 1337. 1161. 698 cm' \ 

Working Example 82 

(SV343enzvl-4-f6-chlQronaphthanlene-2 - 5;urfonvlV1-f4-nH-lmidazol-1-vnben?vll-g^^^ 

[0370] To a solution of (S)-3-ben2yl-4-(benzyloxycartonyO-l-(4-(lH-imida2ol-l-yl)ben2yl]-5.6-dehydro-2-pipera2l- 
none (479 mg) in ethanol (30 ml) was added 1 0% palladium on carbon (200 mg), and the mixture was vigorous»y stirred 
under hydrogen stream for 1 hour. The catalyst was removed, and the solvent was evaporated under reduced pressure. 
To the residue were added THF (20 ml), triethylamine (0.279 ml), N.N-dimethylamtnopyridine (cataJytlc amount) and 6- 
chloronaphthanlene-2-sulfonyl chloride (313 mg), and the mixture was stirred at room temperature for 5 hours. The 
reaction solution was concentrated under reduced pressure, and to the residue was added saturated sodium hydrogen 
carbonate solution. The mixture was extracted with ethyl acetate, and the extract was washed with saturated brine, 
dried and concentrated. The residue was purified with silica gel column chromatography (ethyl acetate) to give amor- 
phous of the title compound (367 mg). 

^H-NMR (CDCI3) 5: 2.74-2.85 (1H. m). 2.97-3.30 (2H, m). 3.30 (2H, d, J=6.0H2). 3.63-3.77 (IH. m). 4.45 (IH. d, 
J=14.BH2). 4.59 (IH. d. J=14.8H2). 4.74 (1H, t, J=5.3H2), 7.07-7.25 (11H, m). 7.48-7.60 (2H. m). 7.72 (IH, d, 
J=8.8H2), 7.80-7.88 (3H. m). 8.23 (IH, s). 
IR(KBr): 1649. 1524. 1489, 1331, 1157, 698 cm 



Working Example 83 

fS^-4-f6-chlorQnaDhthanlene-2-sulfonvh- i-f4-MH-imidazol-1'Vnbenzvn-3-isopronvl-g-pipera2;inone 

[0371] According to a similar method described in Woricing Example 18, amorphous of the title compound was 
obtained from (S)-4-(benzyloxycarbonyl)-1-[4-(1H-imida2ol-1-yl)benzyll-3-lsopropyt-5,6-dehydro-2-pipera2inone 
instead of (S)-3-ben2yl-4-(benzyloxycarbonyt)-1-t4-(1H-imlda2ol-1-yl)benzyl]-5,6-dehydro-2-ptpera2inone. 

iH-NMR (CDCI3) 5: 1.07 {3H, d. J=6.8H2). 1.14 (3H, d, J=6.8Hz). 2.21-2.40 (IH. m). 2.98-3,08 (2H. m), 3.48-3.65 
(IH. m), 3.76-3.90 (IH, m), 4.22-4.33 (2H. m). 4.42 (1H. d. J=14.8Hz). 6.90-7.11 (4H. m), 7.18 (IH. t. J=1.3Hz). 
7.23 (IH. t. J=1.1H2). 7.57 (IH, dd. J=8.7, 2.1 Hz), 7.77 (IH. t. J=1.2Hz). 7.81-7.94 (4H. m). 8,39 (IH, s). 
IR (KBr): 1647, 1524. 1337. 1161. 698 cm-\ 



Reference Example 41 

fSV3.benzvloxvmethvl-4-ftert-butQxvcarb Q nYn-1.f4-nH-imida2ol-1-vnbenzvl1-2-Qxo-1.2.3 . 4-tetr^hvdr^^^ 

[0372] To a solution of N-tert-butoxycarbonyl-O-benzyl-L-serine (1 .48 g) and 2.2-dimelhoxyethyl[4-(1 H-imidazol-l - 
yObenzyl] amine (1 .31 g) in acelonitrile (50 ml) were added HOBt (842 mg) and WSC hydrochloride (1 .05 g). under ice- 
cooling, and the mixture was stirred at room temperature for 2 hours. To the mixture was added N.N-dimethylaminopy- 
ridine (catalytic amount), and the mixture was stirred overnight. The reaction solution was concentrated, and to the res- 
idue were added ethyl acetate and water. The organic layer was separated, washed with saturated brine, dried and 
concentrated, and the residue was purified with silica gel column chromatography (ethyl acetate : methanol = 20 : 1). 
To the obtained product were added p-toluene sulfonic acid (856 mg) and toluene (60 ml), and the mixture was refluxed 
for 30 minutes and cooled. To the reaction solution was added ethyl acetate, and the mixture was washed with saturated 
sodium brcarbonate solution and saturated brine, dried and concentrated. The residue was purified with silica gel col- 
umn chromatography (ethyl acetate : methanol = 20 : 1) to give amorphous of the trtle compound (1.14 g). 

'H-NMR (CDCI3) 6: 1.46 and 1.50 (totat9H. s). 3.62-3.86 (IH. m). 3.90-4.07 (IH. m), 4.39-4.58 (3H. m). 4.90-5.14 
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(2H. m). 5.30-5.50 (1H. m). 6.31-6.53 (1H, m). 7.11 (2H, d. J=7.0H2). 7.17-7.22 (2H. m). 7.24-7.37 (7H. m). 7.76 
(Ih'.s). 

!R(KBr): 1705, 1680. 1524, 1670, 1125 cm*\ 



Reference Example 42 

ff^ ).a.ben2Vloxvmethvl-4-(tert- b .itr.yvrarbonvlV1-f4-(lH-imt<jaz^^ 

[03731 In ethanol (80 ml) was dissolved (S)-3-benzyloxymethyl-4-{tert-butoxycarbonyI)-1 -[4-{1 H-imidazol-l -yl)ben- 
2VI1-2-0X0-1 2 3 4-tetrahydropyra2ine (1.13 g). and to the solution was added 10% palladium on carbon (1 g). The mix- 
ture was subjected to catalytic reduction for 9 hours with medium pressure reduction apparatus, and the catalyst was 
removed. The solvent was evaporated under reduced pressure to give colorless amorphous of the title compound (1 .02 

9). 

^H-NMR {CDCI3) 5: 1.46 (9H, s). 3.08-3.23 (1H. m). 3.30-4.35 (7H. m). 4.54 (2H. s). 4.55-4.80 (1H. m), 5.15-5.43 
(1H. m). 7.07 (2H, d. J=8.4H2), 7.20 (2H, s). 7.26-7.40 (7H. m). 7.79 (1H, s). 
IR(KBr): 1698. 1655. 1524. 1414. 1 167 cm'V 



Reference Example 43 

f c;)-;^.ben:^l-4-fhPn7vlQxvcarbnnYlVl .f4-ri H- imlH;.7Ql-1 -vnbRnzvn-2-oxo-1 .?.3.4-tgtrahYdropYrazine 

[0374] According to a similar method described in Reference Example 41. colorless amorphous of the title com- 
pound was obtained from N-benzyloxycarbonyl-L-phenylalanine and 2.2.dimethoxyethyl[4-(1 H-imidazol-l-yOben- 
zylJamine. 

^H-NMR (CDCy 6: 2.91-3.10 (2H. m), 4.43-5.23(5H, m). 5.29-5.64 (1H. m). 6.17-6.48 (1 H, m). 7.05-7.40 (16H. m). 
7.84 (iH.s). 

IR(KBr): 1713, 1678, 1524, 1445. 1420. 1304 cm\ 



Reference Example 44 

fSV4Wben2VlowcarfeonvlV1-f4-MH.imidaz Q l-i-vnben2vn-3-iRonrQPVl-2-oxo-1.2 . 3>tetrahYdropvr^?in 

[03751 According to a similar method described in Reference Example 41, colorless amorphous of the title com- 
pound was obtained from N-benzyloxycarbonyl-L-valine and 2.2<iimethoxyethyl[4-(1H-imida2ol-1-yl)benzyl]amine. 

^H-NMR(CDCl3) 5: 0.86-1.06 (6H, m). 1 .90-2.20(1 H. m), 4.48-4.84 (3H, m), 5.17-5.23 (2H. m), 5.48-5.67 (1H. m), 
6.29-6.48 (1H. m). 7.21 (1H. s). 7.27 (1H. s), 7.37 (9H. s), 7.85 (1H, s). 
IR (KBr): 1709. 1680, 1524, 1420, 1399, 1277, 1256 cm ''. 



Reference Example 45 



4-^fE^2-f4-chlQroDhenvnethenvlsulfonvlV1-f4- cvanoben2vn-2-piperazlnone 

[03761 Acx;ording to a similar method described in Reference Example 6, colorless crystals of the title compound 
were obtained from (E)-2-(4-chlorophenyl)ethenylsutfonyt chloride instead of 6-chloronaphthanfene-2-sulfonyl chloride. 

^H-NMR (CDCIa) 6: 3.36-3.44 (2H. m). 3.45-3.53 {2H, m). 3.97 (2H, s), 4.66 {2H. s), 6.64 (1H, d, J=15.6Hz), 7.36 
(2H, d, J=8.lHz), 7.43 (4H. s), 7.50 (1H, d, J=15.6Hz), 7.62 (2H, d, J=8.1H2). 

Reference Example 46 

1-f4-cvanobenzvh-4-M-vinvlbenzenesulfonvlV2-Dip erazinone 

[03771 According to a similar method described in Reference Example 6, colorless crystals of the title compound 
were obtained from 4-vinylbenzenesutfonyt chloride instead of 6-chloronaphthanlene-2-surfonyl chloride. 
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^H-NMR (CDCI3) 5: 3.32 (4H, s). 3.81 (2H, s). 4.60(2H. s). 5.50 (1H, d, J=l 1.0Hz). 5.92 (1H. d. J=17.7H2). 6.72 
(1H, dd, J=17.7, II.OH2). 7.30 {2H. d, J=8.2Hz). 7.54-7.65 (4H. m), 7.75 (2H. d, J=B.4H2). 

Reference Example 47 

5 

4-(6-chloronaDhthanlene-2-surfonvlV1W5-cvano-2-ovrid vlmethvtV2-pipera2inone 

[0378J According to a similar method described in Reference Example 2, colorless crystals of 4-{tert-butoxycarbo- 
nyl)-1-{5-cyano-2-pyridylmethyl)-2-pipera2inone 4-(tert-butoxycarbonyl)-2-pipera2inone and 2-chloromethyl-5-cyano- 
10 pyridine. 

^H-NMR (CDCI3) 5: 1.48 (9H. s), 3.46-3.54 (2H, m). 3.64-3.72 (2H. m). 4.16 (2H. s), 4.76 (2H. s). 7.46 (1H. d. 
J=8.2H2), 7.95 (IH. dd. J=8.2. 2.2Hz). 8.82 (1H, d, J=2.2Hz). 

15 [03791 According to a similar method described in Reference Example 1 1 . colorless crystals of the title compound 
were obtained from 4-{tert-butoxycarbonyl)-1-(5-cyano-2-pyridylmethyl)-2-pipera2inone. 

^H-NMR (CDCI3) 6: 3.38-3.47 (2H, m). 3.58-3.65 (2H. m), 3.84 (2H, s). 4.67 (2H, s), 7.37 (1H, d. J=8.lHz), 7.62 
(IH. dd, J=8.9. 1.9Hz), 7.79 {1 H. dd, J=8.7. 1.9Hz). 7.85-7.98 (4H. m). 8.36 (1H. s), 8.71-8.74 (IH, m). 

Reference Example 48 

4-f6^hloronaDhttianlene-2-sulfonvn-1-f7'C vano-2-naDhthvlmethvl^2-piperazinone 

25 [0380] According to a similar method described in Reference Example 47. colorless crystals of the title compound 
were obtained from 4-(tert-butoxycartionyl)-2-pipera2inone and 2-bromomethyl-7-cyanonaphlhantene. 

^H-NMR (CDCI3) 5: 3.37 (4H, m). 3.90 (2H. s). 4.72 (2H, s), 7.44 (IH. dd, J=8.4. I.6H2), 7.56-7.65 (2H. m), 7.68 
(IH, s) 7.75-7.82 (2H. m), 7.83-7.96 (4H, m), 8.15 (1H, s), 8.34 (IH, s). 

30 

Reference Example 49 

4-f7-chlQro>2H-benzopvran-3-sutfonvlV1-f4-cvanobenzvlV2-piperazinone 

35 [0381] To a solution of 1 -(4-cyanobenzyl)-2-pipera2tnone hydrochloride (3.85 g) and triethylamine (12.5 ml) in 
dichloromethane (50 ml) was added dropwise a solution of 2-chloroethanesulfonyl chloride (4.08 g) in dtchloromethane 
(10 ml) at 0**C, and the mixture was stirred at 0*'C for 4 hours. The reaction solution was diluted with dichloromethane. 
washed with sodium bicarbonate solution and saturated brine, dried (MgSO^) and concentrated, and the residue was 
purified with silica gel column chromatography (ethyl acetate) to give colorless crystals of 1-{4<yanobenzyl)-4-vinylsu!- 

40 fonyl-2-piperaztnone (3.15 g). 

^H-NMR (CDCI3) 5: 3.35-3.49 (4H. m). 3.92 (2H, s), 4.67 (2H. s). 6.15 (IH. dd. J=8.6, I.OHz), 6,34 (IH, dd, J=16.4. 
I.OH2), 6.46 (IH. dd, J=16.4. 8.6H2), 7.38 (2H, d, J=8.7Hz), 7.66 (2H, d. J=8,7Hz). 

45 [0382] To a solution of 1 -(4-cyanobenzyl)-4-vinylsulfonyl-2-piperazinone (1 .53 g) and 4-chlorosancyIaldehyde (0.94 
g) in tert-butanol (20 ml) was added potassium tert-butoxlde (187 mg), and the mixture was refluxed for 4 days. The 
reaction solution was concentrated under reduced pressure, and precipitated crystals were washed with acetone-eth- 
anol to give pale brown crystals of the title compound (0.88 g). 

50 ^H-NMR (CDCI3) 5: 3.35-3.45 (2H, m). 3.50-3.60 (2H, m), 3.98 (2H.s), 4.67 (2H, s). 4.87 (1H. d. J=1.6Hz). 6.93 

(1H, d, J=1 .8H2), 7.00 (IH. dd. J=8.2. 1 .8H2). 7.14 {2H. d. J=8.2H2), 7.30 (IH, s), 7.37 (2H. d. J=8.4H2). 7.64 (2H, 
d, J=:8.4H2). 

Reference Example 50 

55 

4-f5-chlorobenzofuran-2-sutfQnvl>-1-f4-cvanoben2vn-2-piDerazlnone 

[0383] To a solution of 1 -(4-cyanobenzyl)-2-piperazinone hydrochloride (3.78 g) and triethylamine (6.27 ml) in 
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dichioromethane (50 mi) was added a solution of chloromethanesullonyl chloride (2.68 g) in dichloromethane (10 ml) 
at 0^*0, and the mi)Cture was stirred at O^'C for 1 hour. The reaction solution was diluted with dichloromethane, washed 
with sodium bicarbonate solution and saturated brine, dried (MgS04) and concentrated, and the residue was purified 
with silica gel column chromatography {hexane: ethyl acetate=1: 2) to give coloriess crystals of 4-chloromethyIsulfonyl- 
V(4-cyanoben2yl)-2-pipera2inone (4.01 g). 

^H-NMR (CDCI3) 5: 3.3B (2H. t. J=5.3Hz), 3.73 (2H, t, J=5.3H2). 4.20 (2H. s), 4.57 (2H. s), 4.67 (2H, s). 7.38 (1H. 
d, J=8.1Hz). 7.65 (1H. d, J=8.1H2), 

[0384] A mixture of 4-chloromethylsulfonyl-1-(4-cyanobenzyl)-2-piperaztnone (3.20 g). 5-chlorosalicylaldehyde 
(2.29 g). potassium carbonate (1 .48 g). potassium iodide (1.62 g) and DMF (80 ml) was stirred at BO^C for 2 days. The 
reaction solution was concentrated under reduced pressure, and to the residue was added ethyl acetate. The mixture 
was washed with water and saturated brine, dried {MgS04) and concentrated, and the residue was purified with silica 
gel column chromatography (hexane: ethyl acetate=1: 1) to give coloriess crystals of the title compound (384 mg). 

^H-NMR (CDCI3) 6: 3.33-3.41 (2H, m). 3.55-3.63 (2H. m). 4.07 (2H. s), 4.61 (2H, s), 7.30 (2H, d. J=8.2H2). 7.39 
(1H, s), 7.47-7.49 (2H, m), 7.58 (2H, d, J=8.2Hz), 7.68-7.72 (1H. m). 

Reference Example 51 

4-f4-rN-ftert-butoxvcarbonv)VN-f4-pyridvnaminomethvilbenzenesulfo nvn-1-(4^vanobenzvlV2-piperazinone 

[0385] To a solution of 4-[N-(tert-butoxycart)onyt)amino]pyridine (971 mg) in Dh/IF (20 mi) was added sodium 
hydride (200 mg), and the mixture was stirred at room temperature For 1 .5 hours. To the mixture was added a solution 
of 4-[4-(bromomethyl)benzenesutfony!]-1-(4-cyanobenzy1)-2-pipera2inone (1.79 g), which was obtained from 1-(4- 
cyanoben2yI)-2-pipera2inone hydrochloride and 4-(bromomethyl)ben2enesuffonyl chloride acconding to a method 
described in Reference Example 6, in DMF (10 ml), and the mixture was stirred for 4 hours. The reaction solution vras 
concentrated under reduced pressure, and to the residue was added ethyl acetate. The mixture was washed with water 
and saturated brine, dried and concentrated, and the residue was purified with silica gel column chromatography (ethyl 
acetate: methanol=90: 10) to give coloriess amorphous of the title compound (734 mg). 

iH-NMR (CDCI3) 6: 1.47 (9H. s). 3.25-3.40 (4H. m). 3.79 (2H. S), 4.61 (2H, s). 5.01 (2H, s), 7.18 (2H, d, J=6.2H2), 
7.32 (2H. d, J=8.4H2), 7.42 (2H, d, J=8.2H2), 7.63 (2H, d, J=8.4Hz), 7.76 (2H, d, J=8.2Hz). 8.50 (2H. d, J=6.2H2). 

Reference Example 52 

1-[1-(tert-butoxvcarbonylV4-piDeridvn-4-(6-chloronaDhthanlene-2 -sul(onvlV2-piDerazinone 

[0386] To a solution of N-(6-chloronaphthanlene-2-sutfonyt)ethylenediamine (4.51 g) and 1 -(tert-butoxycarbonyl)-4- 
piperidone (2.59 g) in THF (110 mt) was added acetic acid (1.48 ml), and the mixture was stirred at room temperature 
for 30 minutes. To the mixture was added sodium triacetoxyborohydride (2.86 g). and the mixture was stirred at room 
temperature for 5 hours. The reaction solution was concentrated under reduced pressure, and to the residue was added 
ethyl acetate. The mixture was washed with sodium bicarbonate solution and saturated brine, dried and concentrated, 
and the residue was purified with column chromatography (ethy! acetate: methanol=9: 1) to give amorphous of 1-(tert- 
butoxycarbonyl)-4-[N-[2-[N-(6-chloronaphthanlene-2-sulfonyl)amino)ethyl]am(no]piperidine (5.78 g). 
[0387] In THF (10 ml) was dissolved i-(tert-butoxycarbonyl)-4-(N-{2-(N-(6-chloronaphthanIene-2-suMo- 
nyl)amino)elhyl]amino]piperidine (468 mg). and to the solution was added dropwise at 0*0 a solution of chloroacetyl 
chloride (136 mg) in THF (1 ml) and then v^s added a solution of triethylamine (152 mg) in THF (1 ml). The mixture 
was stin-ed at 0°C for 2 hours, and to the mixture were added a solution of 1 ,8-diazabtcyclo[5.4.0]-7-undecene (457 mg) 
in THF (1 mi) and DMF (5 ml). The mixture was stin-ed at room temperature for 1 week. The reaction solution was con- 
centrated under reduced pressure, and to the residue was added ethyl acetate. The mixture was washed with water and 
saturated brine, dried and concentrated, and the residue was crystallized form ethanol to give the title compound (366 
mg). 

'H-NMR (CDCI3) 5: 1.44 (9H, s). 1.40-1.56 {4H, m), 2.64-2.83 (2H, m). 3.27-3.48 (4H. m), 3.79 (2H, s), 4.09-4.26 
(2H, m). 4.43-4,65 (2H. m). 7.61 (1H. dd. J=8.9. 1.9H2), 7.79 (1H. dd, J=:6,8. I.SHz), 7.90-7.97 (3H, m). 8.35 (1H. 
s). 
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Reference Example 53 



A. (R^hloronaDhthanlene.2-sulf Q nYn.l-f1-ftert-butoxvcart)QPVn-3-PYrrolidinYlmethVll-^ 

[03881 According to a similar method described in Reference Example 27. pale yellow green oil of 4.benzyloxycar- 
bonylO-[1-{tert.butoxycarbonyl)-3-pyrroIidinylrnethyl]-1.2,3,4-tetrahydropyra2ine.2.one was obtained from 1-(tert- 
butoxycarbonyl)pyn-olldine-3-ylmethanol instead of trans-4.{1-tert-butoxycarbonylamino)cyclohexane-1-ylmethanoL 

^H-NMR (CDCy 5: 1.45 (9H. s), 1.50-1.70 (1H. m). 1.85-2.08 (1H. m). 2.40-2.60 (1H. m). 2.92-3.15 (1H. m). 3.20- 
3.80 (5H. m), 4.32 (2H. s), 5.22 (2H. s), 5.40-5.58 (1H. m). 6.19-6.50 (1H. m), 7.38 (5H, m). 

[03891 According to a similar method described in Reference Example 1 8. pale pink crystals of the title compound 
were obtained from 4-benzyloxycart3onyl-H1-(tert-butoxycarbonyl)-3-pyrToIidinylmethyl>1.2,3.4-tetrBhydropyra2ine-2- 



one. 



'H-NMR (CDCI3) 5: 1.45 (9H, s). 1 .47-1 .65 (1H. m). 1.72-1 .97 (1H. m). 2.32-2.56 (1H, m). 2.86-3.62 {10H, m), 3.77 
(2H. s). 7.61 (1H. dd. J=8.9. 1.9Hz), 7.79 (1H, dd. J=8.7. 1.7Hz). 7.91-7.98 (3H. m). 8.36 (1H, s). 

Reference Example 54 

4-f3-bromobpn7enesuttonvn-l-ri-fteft-bu tQyvcarbonvlV4-niperidvlmethvlV2-pipera?inone 

[0390] To a mixture of i-(l.(tert-butoxycarbonyl)-4-piperidylmethyll-2-piperazlnone (1.19 g). sodium carbonate 
(848 mg) ethyl acetate (40 mi) and water (20 ml) was added 3-bromobenzenesu»fonyl chloride (1 .02 g). and the mixture 
was stirred at room temperature for 1 hour. The organic layer was separated, washed with saturated brine, dried and 
concentrated, and the residue was purified with silica gel column chromatography (hexane: ethyl acetate = 1 : 2) to give 
colorless crystals of the title compound (1 .05 g). 

1 H-NMR (CDCI3) 5: 1 .00-1 .28 (2H. m). 1 .44 (9H, s). 1 .43-1 .62 (2H, m). 1 .70-1 .93 (1 H. m), 2.55-2.75 (2H. m). 3. 1 0- 
3.50 (6H. m), 3.74 (2H, s), 4.00-4.1 8 (2H. m). 7.41-7.52 (1H. m). 7.70-7.82 (2H. m). 7.94 (1H. t J=1.8Hz). 

Reference Example 55 

V[1-aPrt-butnyycarbQnvlV4-pipflridvlmAthvl)-4-r4-ffE V?-chlQroethenvllbenzenesilltonvl1'?-PlPer 

[0391] To a solution of 4-[4-(bromomethyObenzenesuIfonyl]-1-[1 -(tert-butoxycarbonyl)-4-piperidylmethyl)-2-piper- 
azinone (2.85 g) in DMF (30 mi) was added potassium acetate (1 .58 g). and the mixture was stirred at eo^'C for 4 hours. 
The reaction solution was concentrBted under reduced pressure, and to the residue was added ethyl acetate. The mix- 
ture was washed with water and saturated brine, dried and concentrated, and the residue was dissolved in methanol 
(50 ml) To the solution was added sodium methoxide (28% methanol solution, 290 mg), and the mixture was stirred at 
room temperature for 2 hours. The reaction solution was concentrated under reduced pressure, and to the residue was 
added ethyl acetate. The mixture was washed with water and saturated brine, dried (MgS04) and concentrated. The 
residual crystals were washed with ether to give colorless crystals of Hl-(tert-butoxycarbonyl)-4-piperidylmethyl]-4H4- 
(hydroxymethyI)benzenesulfonyl]-2-piperazinone (2.02 g). 

^ H-NMR (CDCI3) 5: 0.95-1.20 (2H. m), 1.44 (9H. s), 1.38-1.58 (2H, m). 1.65-1 .90 (1H, m). 2.25-2.75 (3H. m). 3.10- 
3.47 (6H. m), 3.72 (2H, s), 3.95-4.15 (2H, m). 4.82 (2H, d. J=4.8Hz). 7.57 (2H. d, J=8.5Hz). 7.77 {2H. d. J=8.5Hz). 

[0392] To a solution of oxalyl chloride (0.70 ml) in dichloromethane (60 ml) was added dropwise at .70'C a solution 
of dimethylsutfoxide (0.85 ml) in dichloromethane (1 0 ml). Ten minutes later, to the mixture was added dropwise a solu- 
tion of l.[1.(tert-butoxycarbonyl)-4-piperidyImethyl]-4-[4-(hydroxymethyl)benzenesulfonyl]-2-piperBzinone (1.87 g) in 
dichloromethane (20 ml), and the mixture was stirred at about -eS^C for 1 hour. To the mixture v«s added triethylamine 
(2 79 ml) and the mixture was stirred at -eoX to -30°C for 2 hours. The reaction solution was diluted with dichlorometh- 
ane washed with water and saturated brine, dried and concentrated, and the the residue was purified with silica gel 
column chromatography (ethyl acetate). Precipitated crystals were washed with ether to give coloriess crystals of 1 -{V 
(tert-butoxycartx)nyl)-4-piperidylmethyl]-4-[4-formylbenzenesutfonyl]-2-piperazinone (2.02 g). 

'H-NMR (CDCI3) 5: 1.00-1 .30 (2H. m), 1.44 (9H. s), 1.45-1.60 (2H, m), 1.70-1 .95 (1H. m). 2.53-2.73 (2H. m). 3.12- 
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3.50 (6H. m). 3.76 (2H, s). 3.9B-4.18 (2H, m). 7.98 (2H, d. J=8.5Hz). 8.10 (2H. d. J=8.5H2). 10.14 (1H. s). 

[03931 To a suspension of chromiun (II) chloride (737 mg) in THF (10 ml) was added a solution of 1.[1 -(tert-butox- 
vcartoonyl)-4-piperldylmethyll-4-l4-formylbenzenesulfonyl]-2-pipera2lnone (466 mg) and chloroform (0.160 ml) In THF 
(7 ml) and the mixture was refluxed for 1 hour. To the reaction solution was added ethyl acetate, and the mixture was 
washed with water and saturated brine, dried and concentrated, and the residue was purified with silica gel column 
chromatography (hexane: ethyl acetate = 1 : 2) to give colorless crystals of the title compound (235 m g). 

'H.NMR(CDCl3) 8:0.97-1.30 (2H. m). 1.44 (9H, s). 1.35-1.57 (2H. m). 1.66-1.89 (1H. m), 2 S5-2J3 (2H m) 3.08- 
3.48 (6H, m). 1.71 (2H. s). 3.99-4.16 (2H, m). 6.82 (2H, d. J=13.8Hz). 6.90 (1H. d. J=13.8H2). 7.48 (2H. d. 
J=8.6H2). 7.75 (2H. d, J=8.6Hz). 

Reference Example 56 

l-ftert-butoxvcarfaonvh-4-methoxv -4-plDeridinecarbaldehvde 

r03941 To a solution of 6-(tert-butoxycatbonyl)-1-oxa-6-azaspiro[2.51octane (17.5 g) in methanol (250 ml) was 
added p-toluene sulfonic acid hydrate (285 mg). and the mixture was stirred at room temperature for 2 hours. The reac- 
tion solution was concentrated under reduced pressure, and to the residue was added ethyl acetate. The '^^^^J^^ 
washed with sodium bicafeonate solution and saturated brine, dried and concentrated, andthe residue was c^^stalized 
from ioe^ooled hexane to give colorless solid of i-(tert-toutoxycarbonyl)-4^ethoxy-4.pipendinemethanol (9.32 g). 

'H-Nf^R (CDCI3) 6: 1.46 (9H. s). 1.30-1.87 (4H. m). 3.05-3.23 (2H. m). 3.24 (3H. s). 3.51 (2H. d, J=6.0Hz), 3.68- 
3.83 (2H. m). 

[0395] To a solution of oxalyl chloride (4.36 ml) in dlchloromethane (220 ml) was added dropwise at -70°C a solu- 
tion of dimelhylsutfoxide (5.32 ml) in dichloromethane (20 ml), and 30 minutes later, to the mixture was added dropwise 
a solution of 1 -(tert-butoxycarbonyl)-4-methoxy.4.piperidinemethanol (6.13 g) in dichloromethane (60 ml). The mixture 
was stirred around -65-C for 1 hour. To the mixture was added triethylamine (17.4 mO, and the mixture was sUrred 
between the temperature ranging from -60-C to O'C for 2 hours. The reaction solution was washed wrth v^ier and sat- 
urated brine, dried and concentrated, and the residue was purified with silica gel column chromatography (hexane: ethyl 
acetate=3: 1) to give colorless solid of the title compound (6.32 g). 

iH-NMR (CDCI3) 8: 1 .46 (9H. s), 1 .65-1 .80 (4H. m), 3.10-3.27 (2H. m), 3.32 (3H. s). 3.71-3.88 (2H. m). 9.57 (1H. s). 
Reference Example 57 

A.ben2vloxvr.a>honvl.1-f1-ftert-hi.toyvrarbo n »lW-m(.thoxv-4-nioeridvlmethvll-2-pipgrazinone 

103961 To a solution of i-(benzyloxycarbonyl)elhylenediamine (1 .94 g) and l-(tert-butoxycaitoonyl)-4-methoxy-4- 
piperidinecarbaldehyde (2.43 g) in THF (50 ml) was added acetic acid (0.572 ml), and the mixture was stirred at room 
temperature for 1 hour. To the mixture was added sodium triacetoxyborohydride (2.1 2 g), and the mixture was stirred at 
room temperature for 4 hours. To the reaction solution was added ethyl acetate, and the mixture was washed wrth 
sodium bicarbonate solution and saturated brine, dried and concentrated. The residue was dissolved in ethyl acetate 
(40 ml) and THF (20 ml), and to the solution was added triethylamine (2.09 ml). To the mixture was added dropwise at 
Qoc a solution of chloroacetyl chloride (0.796 ml) in ethyl acetate (5 ml), and the mixture was stirred at 0°C for 2 hours^ 
To the reaction solution was added ethyl acetate, and the mixture was washed with water and saturated bnne. dried and 
concentrated. The residue was purified with column chromatography (hexane: ethyl acetate= 1: 1 -^0: 1). and me 
obtained amorphous solid (3.81 g) was dissolved in Dt^F (50 ml). To the solution was added, urider ice-coolmg, sodium 
hydride (306mg). and the mixture was stirrad at room temperature for 3 hours. The reaction solution was concentrated 
under reduced pressure, and to the residue was added ethyl acetate. The mixture was washed with water and saturated 
brine, dried and concentrated, and the residue was purified with silica gel column chromatography (hexane: ethyl ace- 
tate=1: 2) to give pale yellow syrup of the title compound (2.B4 g). 

iH-NMR (CDCI3) 8: 1.30-1.80 (4H. m). 1.45 (9H, s). 3.00-3.20 (2H. m), 3.22 (3H. s). 3.35-3.90 (BH. m). 4.18 (2H. 
s). 5.16 (2H. s). 7.36 (5H. m). 
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Reference Example 58 

141-fte^t-butoxvcart^onyl^4-methoxv-4-DiDeric^^lmethv^-4-(6-chloronaDhthanlene-2-sutfo^vl^2 

5 [0397] According to a similar method described in Reference Example 18. colorless crystals of the title compound 
were obtained from 4-ben2yloxycart)onyl-l-[(1-tert-butoxycarbonyl-4-methoxy-4-piperidyi)methyll-2-piperazlnone. 

^H-NMR (CDCI3) 5: 1.25-1.70 (4H, m), 1.42 (9H. s), 2.94-3,13 (2H, m), 3.17 (3H, s), 3.30-3.82 (8H, m). 3.79 (2H, 
s). 7.60 (1 H, dd, J=8.8, 2.0Hz). 7.79 (1 H, dd, J=8.6, 1 .8H2). 7.90-7.98 {3H. m), 8.35 (1 H, d. J=1 .SHz). 

10 

Reference Example 59 

4-benzvloxvcafbonvl-1-f1-ftert-butoxvcafbonvlV4-methanesulfonvlamino-4-piperfdvlmethvl]-1.2.3.4-tetrahvdroDvra- 
zine-2-one 

75 

[0398] To a solution of 4-aminomethyl-1-ben2yl-4Hnethanesulfonylaminopipertdine (2.97 g) and N-(2,2-diethoxye- 
thyI)-2-glycine (3.90 g) in acetonitrile (50 ml) was added WSC (2.30 g), and the mixture was stirred at room tempera- 
ture. The reaction solution was concentrated, and to the residue were added ethyl acetate and water The separated 
organic layer was washed with water, sodium bicarbonate solution, citric acid solution and brine, dried and concen- 

20 trated. and the residue was purified with silica gel column chromatography (ethyl acetate: methanol=95: 5) to give syrup 
of 1-ben2yl-4-[N-[N-(2,2-diethoxyethyl)-Z-gtycyl]aminomethyl]-4- methanesulfonylaminopiperidine (4.44 g). in 1,2- 
dichloroethane (90 ml) was dissolved 1-ben2yl-4-[N-(N-(2,2-diethoxysthyl)-2-glycyllaminomethyl]-4-methanesulfo- 
nylaminopiperidine (3.49 g), and to the solution was added p-toluenesulfonic acid hydrate (1.10 g). The mixture was 
stirred at BO°C for 6 hours. The reaction solution was concentrated under reduced pressure, and to the residue was 

25 added ethyl acetate. The mixture was washed with washed with saturated sodium bicarbonate solution and brine, dried 
and concentrated, and the residue was purified with silica gel column chromatography (ethyl acetate: ethanol=20: 1) to 
give amorphous of 4-benzyloxycarbonyl-1 -(1-benzyl-4-methanesulfonylamino-4-piperidylmethyO-1 ,2,3,4-tetrahydro- 
pyra2lne-2-one (2.02 g). 

30 ^H-NMR (CDCI3) 6: 1.80-1.90 (4H, m). 2.27-2,44 (2H, m), 2.55-2.70 (2H, m), 3.05 (3H. s), 3.51 (2H, s), 3.91 (2H, 

s), 4.31 (2H. s), 5.20 (2H. s). 5.87-6.02 (1H, m). 6.31-6.49 (1H, m), 7.20-7.42 (10H. m). 

[0399] To a solution of 4-ben2yloxycarbonyt-1-(1-ben2yI-4-methanesulfonylamino-4-piperidylmethyI)-1,2,3,4-tet- 
rahydropyra2ine-2-one (1.97 g) In 1 .2-dichloroethane (20 ml) was added 1-chloroethyl chlorocarbonate (0.432 ml), and 

35 the mixture was stirred at BO^C for 15 minutes. The reaction solution was concentrated, and to the residue was added 
methanol (0.20 ml). The mixture was stirred at 80°C tor 30 minutes. The reaction solution was concentrated, and to the 
residue were added ethyl acetate (20 ml), saturated sodium bicarbonate solution (20 ml) and di-tert-butyl dicarbonate 
(1.00 g). The mixture was stirred at room temperature, and the separated organic layer was washed with saturated 
brine, dried and concentrated. The residue was purified with silica gel column chromatography (hexane: ethyl acetate 

40 =1 : 2) to give amorphous of the title compound (1 .28 g). 

^H-NMR (CDCI3) 5: 1.45 (9H. s). 1.70-1.93 (4H. m), 3.07 (3H, s), 3.20-3.40 (2H, m). 3.62-3.80 (2H, m). 3.91 (2H, 
brs). 4,32 (2H, s), 4.25-4.40 (1H, m). 5.21 {2H, s), 5.87-6.03 (1H, m). 6.33-6.51 (1 H, m), 7.38 (5H, m). 

45 Reference Example 60 

1-ri-nert-butoxycarbonylV4-methanesulfonvlamlno-4-plDeridvlmethvl)-4-(6-chloronaDhthanlene-2-sulfonvlV2-p 

50 [0400] According to a similar method described in Reference Example 18, amorphous of the title compound was 
obtained from 4-ben2yloxycarbonyl-1 -(1 -(tert-butoxycarbonyl)-4-methanesulfonylamino-4-ptperidylmethyl]-1 ,2.3,4-tet- 
rahydropyrcLzine-2-one. 

"•H-NMR (CDCI3) 6: 1.44 (9H, s). 1.60-1.90 (4H. m). 3.04 (3H. s), 3.15-3.90 (12H, m), 4.35 (1H, s), 7.60 (1H, dd, 
55 J=8.7. 2.1Hz). 7.80 (1H. dd, J=B.8, I.8H2), 7.90-8.00 (3H, m). 8.36 (1H. d. J=1.6H2). 
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Referenoe Example 61 

i.pw..rt-hutoyvcprt.nnvn.^.m«.thane oMHnn y..mino-4.oinprirtvlmemvl1-4-f7-chloro-gH-bgnzo^^ 



azioans 



ro4011 In ethanol (20 ml) was dissolved 4-benzyloxycarbonyl-1 -[1 .(tert-butoxycarbonyl)-4-methanesulfonylamino- 
Liperidylmethyq-1 .2.3,4-tetrahydropyrazine-2-one (1 .20 9). To the solution was added 1 0% palladium on ca^on (240 
ma) and the mixture was vigorously stirred overnight, under hydrogen stream. The catalyst was removed, and the sol- 
vent was evapold under?educed pressure. The residue was dissolved in d'^hloromethane (30 ml), and to the solu- 
tion was added N-athyldiisopropylamine (0.600 ml). To the mixture was added portioriwise under x:eK:ool.ng, a solut on 
of 7-chloro-4H-4-cxobenzopyran.3-sulfonyl chloride (961 mg) in dichloromethane (15 ml), and the mWure was s^.rred 
at 0»C for 1 hour The reaction solution was washed with sodium bicartjonate solution and saturated brine, dried and 
concentrated, and the residue was purified wrth silica gel column chromatography (ethyl acetate) to give ^rno^pho"^ 
(1 01 g) Which was dissolved in methanolm^F (1 :1 , 40 ml). To the solution was added, under ice-coollng. sodium bcro- 
hydride (91 mg), and the mixture was stirred at O'C for 2 hours. The reaction solution was concentrated, and to the res- 
idue we e added water and a little amount of acetic acid. The mixture was extracted with ethyl acetate, washed w th 
LTu "e^ bnne and dried, and the soNent was concentrated. The residue was dissolved In THF (f -0. a"djo Oi^^^^^^ 
tion was added trlethylamlne (1 .60 ml) and then was added at 0»C a solution of methanesulfonyl chlonde (0.267 ml) in 
THF (3 ml). The mixture was stirred at room temperature overnight, and to the reaction solution was added ethyl ace- 
tate The mixture was washed with 5% potassium hydrogensulfate solution and brine, dried and concentrated, and the 
residue was purified with silica gel column chn)matogrBphy (ethyl acetate) to give amorphous of the trtle compound 
(765 mg). 

1H-NMR (CDCI3) 5: 1.45 (9H, s). 1.68-1.90 (4H. m), 3.06 (3H. s). 3.22-3.40 (2H. m). 3.50-3.90 (8". m). 3.96 (2H. 
s). 4 43 (1H, S), 4.89 {2H. s). 6.93 (1H. d. J=1.9Hz).7.01 (1H. dd. J=8.1. 1.9Hz). 7.16 (1H, d. J=8.1Hz). 7.30 (1H, s). 

Reference Example 62 

iwtPrt.hutowc«rt^n>^v»-4-r4-(6. r hinm.9.nanhthanlenBSul(onvl)-2-nxo-1-piperazinvlmethyl1isonipecoticBcid 

r04021 To a solution of tert-butyl 4-aminomethyl-1 -(tert-butoxycarbonyl)isonipecotate (9.6 g) and N-(2,2-diethoxye- 
hyl)-Z-glycine (9.76 g) in acetonitrile (100 ml) was added WSC (6.33 g), and the mixture was stirred at room tempera- 
tui^e for 7 hours. The reaction solution was concentrated, and to the residue were added ethyl acetate and water The 
separated organic layer was washed with water, sodium bicaftonate solution, citric acid solutior, and brine, dned and 
concentrated, and the residue was purified with sir.ca gel column chromatography (hexane: ethyl acetate=1 : 1) to g«/e 
syrup of tert-butyl i-(tert-butoxycarbonyl)-4-[N-[N-(2.2-diethoxyethyl)-Z-glycyl]aminomethyl]lsonipecotate (12.1 g). 
r04031 In toluene (180 ml) was dissolved tert-butyl i-(tert-butoxycarbonyl)-4-(N.[N-(2.2-diethoxyethyl)-Z-gtycyl]am.- 
nomethylllsonipecotate (12.0 g). To the solution was added p-toluene sulfonic acid hydrate (270 mg). and mixture 
was stirred at 1 10'C for 6 hours. To the reaction solution was added ethyl acetate, and the mixture was washed with 
saturated sodium bicarbonate solution and brine, dried and concentrated. The residue was purified with silica gel col- 
umn chromatography (hexane: ethyl acetate=1: 1 ) to give 4-benzyloxycarbonyl-1 -[1 ,4-bis(tert-butoxycarbonyl)-4-pipen- 
dylmethyll-1,2.3,4-tetrahydropyrazine-2-one (5.12 g). 

'H-NHR (CDCU) 5: 1.20-1.50 (2H. m). 1.44, (9H. s). 1.46 (9H. s). 1.90-2.10 (2H. m). 2.73-2.95 (2H. m). 3.63 (2H, 
br). 3.83-4.06 (2H. m). 4.30 (2H, s). 5.21 (2H. s). 5.39-5.55 (1H. m). 6.23-6.44 (1H. m). 7.37 (5H. m). 

r04041 According to a similar method described in Reference Example 18, amorphous of 1 -{1 ,4-bis(tert-butoxycar- 
bonyl)-4-plperidylmethyll-4-(6^hloronaphthanlene-2-sulfonyl)-2.plperazinone (4.21 g) was obtained from 4-benzyloxy- 
carbonyl-1 -[1 ,4-bis(tert-butoxycarbonyl)-4-piperidylmethylI-1 ,2,3,4-tetrBhydropyra2ine.2-one (5.10 g). 

'H-NMR (CDCI3) 5: 1.25-1.50 (2H, m), 1.42 (9H. s). 1.44 (9H, s). 1.80-2.00 (2H. m). 2.68-2.90 {2H. m) 3.26-3^0 
(6H. m). 3.77 (2H. s). 3.70-4.00 (2H. m). 7.61 (1H, dd, J=8.9. 1.9Hz). 7.78 (1H. dd. J=8.6. 1.8Hz). 7.91-7.98 (3H. 
m). 8.34 (IH.d. J=1.4Hz). 

f04051 To a solution of i.[i.4-bis(tert-butoxycait)onyl)-4-piperidylmethyl]-4-(6-chloronaphthanlene-2-sulfonyl)-2- 
piperazinone (3.1 1 g) in toluene (i 5 ml) was added triduoroacelic acid (10 ml), and the mixture was stirred at room tem- 
perature for 2 5 hours The reaction solution was concentrated, and to the residue were added THF (20 ml), vwter (20 
ml) sodium carbonate (1.59 g) and di-tert-butyl dicartoonate (2.18 g). The mixture was stirred at room temperature for 
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2.5 hours. The reaction solution was concentrated under reduced pressure, and to the residue were added water and 
ether. To the separated aqueous layer was added 10% citric acid solution to make the solution acidic, and the solution 
was extracted with ethyl acetate. The organic layer was washed with saturated brine, dried and concentrated. Precipi- 
tated crystals were washed with ether to give colorless crystals of the title compound {2.26 g). 

5 

^H-NMR (CDCI3) 5: 1.20-1.50 (2H, m). 1.44 {9H. s), 1.90-2.08 {2H, m). 2,65-2.95 (2H. m), 3.30-3.70 (6H, m). 3.75- 
4.1 0 (2H, m). 3.82 (2H, s), 7.58 {1 H. dd, J=8.B, 2.0H2), 7.80 (1 H, dd, J=8.6. 1 .6Hz). 7.86-8.00 (3H. m). 8.39 (1 H, s). 

Reference Example 63 

10 

1>[4-benzvio)fvcarbonvlamino-1-(ter1-butoxvcarbQnvlM-DiDeridvlmethvn-4-f6-chloronaphthanlene-2-sulfonvO-2'Piper^ 
azinone 

[0406] To a solution of i-{tert-butoxycarbonyl)-4-[4-(6-chloro-2-nBphthanlenesulfonyl)-2-oxo-1 -piperazinylme- 
15 thyl]isonipecotlc acid (5.66 g) In toluene {100 ml) were added triethylamine (1.67 ml) and diphenylphosphoryl azide 
(2.59 ml), and the mixture was stirred at room temperature for 1 hour, and then at 1 00*C for 30 minutes. To the reaction 
solution was added benzytalcohol (1.57 ml), and the mixture was stirred at 100*0 overnight. The reaction solution was 
concentrated, and the residue was purified with silica gel column chromatography (hexane: ethyl acetate=:1: 1) to give 
amorphous of the title compound (7.42 g). 

20 

^H-NMfl (CDCI3) 5: 1-42 {9H. s), 1.35-2.00 (4H, m), 2.77-2.95 {2H. m). 3.05-3.35 (4H.m), 3.55-3.90 (6H, m). 4.47 
(1H. s), 5.02 (2H, s). 7.30-7.45 (5H. m). 7.60 (IH, dd, J=8.8. I.8H2), 7.75 (1H, dd, J=8.8, I.BHz), 7.88-7.98 (3H. 
m), 8.32 (IH.s). 

25 Reference Example 64 

methvl 2-f4-f6-chloronaphthanlene-2-sulfonvn-2-oxo-1- Dipera2invn-2-f4-cvanophenvnacetate 

[0407] A mixture of 4-bromophenylacetic acid (2.15 g), carbon tetrachloride (2 mO and thionyt chloride (2.88 ml) 
30 was stirred at 65*C for 30 minutes. To the mixture were added N-bromosuccinimide (2.14 g), carbon tetrachloride (10 
ml) and 48% hydrobromlc acid (2 drops), and the mixture was stirred at 80*0 tor 2 hours. The reaction solution was con- 
centrated, and to the residue was methanol {20 ml). The mixture was stirred at room temperature for 2 hours. The reac- 
tion solution was concentrated under reduced pressure, and to the residue was added ethyl acetate. The mixture was 
washed with sodium bicarbonate solution and saturated brine, dried and concentrated to give yellow oil of methyl 2- 
35 bromo-2-(4-bromophenyl)acetate (2.91 g). 

^H-NMR (CDCI3) S: 3.79 (3H, s). 5.30 (IH. s). 7.42 (2H. d, J=8.8Hz), 7,51 (2H. d, J=8.8H2). 

[0408] To a mixture of l-(tert-butoxycarbonyl)ethylenediamine (881 mg), potassium carbonate (1.17 g) and ace- 
40 tonitrile (18 ml) was added a solution of methyl 2-bromo-2-{4-bromophenyl)acetate (1.39 g) in acetonitrile (7 ml), and 
the mixture was stirred at room temperature overnight. To the reaction solution was added ethyl acetate, and the mix- 
ture was washed wrth sodium bicarbonate solution and saturated brine, dried and concentrated. The residue was puri- 
fied with silica gel column chromatography (hexane: ethyl acetate=l: 1) to give yellow syrup {1.66 g). which was 
dissolved In THF (20 ml). To the solution was added triethylamine (0.896 ml), and then was added dropwise at 0*^0 a 
45 solution of chloroacetyl chloride (0.408 ml) in THF (5 ml), and the mixture was stirred at O^C for 20 minutes. To the reac- 
tion solution was added ethyl acetate, and the mixture was washed with water and saturated brine, dried and concen- 
trated. The residue was purified with column chromatography (hexane: ethyl acetate=2: 1) to give syrup (1.83 g), which 
was dissoh/ed in DMF (20 ml). To the solution was added sodium hydride (1 60 mg). and the mixture was stirred at room 
temperature overnight The reaction solution was concentrated under reduced pressure, and to the residue was added 
50 ethyl acetate. The mixture was washed with water and saturated brine, dried and concentrated, and the residue was 
purified with silica gel column chromatography (hexane: ethyl acetate=1 : 1) to give methyl 2-(4-bromophenyl)-2-[4-(tert- 
butoxycarbonyl)-2-oxo-1-pipera2inyl]acetate (1.28 g). 

iH-NMR (CDCI3) 6: 1.44 (9H, s), 3.16 (1H. d, J=15.0Hz), 3.20-3.50 (3H. m), 3.63 (IH, d. J=15.0H2). 3.88 (3H, s). 
55 5.37 (IH, br). 7.18 (2H, d. J=8.6Hz), 7.55 (2H. d, J=8.6Hz). 

[0409] A mixture of methyl 2-(4-bromophenyl)-2-I4-(tert-butoxycartoonyl)-2-oxo-1-piperazinyllacetate (1.28 g), zinc 
cyanide (21 1 mg). tetrakis (triphenylphosphine)palladium ( 1 39 mg) and DMF {1 0 ml) was stirred at 80**C for 6 hours and 
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cooled To the reaction solution were added ethyl acetate, water and a little amount of ammonia solution. The organic 
layer was separated washed wrth saturated brine, dried and concentrated, and the residue was purified with silica gel 
column chromatography (hexane: ethyl acetate=1: 1) to gh/e yellow syrup of methyl 2-[4-(tert-butoxycarbonyl).2-oxo-1- 
piperaz!nyl]*2-{4-cyanophenyi)acetate (1,01 g), 

^H-NMR (CDCI3) 5: 1.44 (9H. s). 3.13 {1H. d. J=15.6hz). 3.24-3.52 (4H, m). 3.69 (1H. d. J=15.0H2). 3.90 (3H. s). 
5.31 (1H. br), 7.44 (2H. d. J=8.7Hz). 7.72 (2H, d. J=8.7H2). 

[0410] According to a similar method described in Reference Example 1 1 , amorphous of the title compound (673 
70 mg) was obtained from methyl 2.[4.(tert.butoxycart)onyl)-2-oxo-1 -pipera2inyl)-2-(4-cyanophenyl)acetate (1 ,01 g). 

^H-NMR (CDCl3)5-3.12 (1H, d. J=l5.0Hz). 3.24-3.48 (4H, m).3.62 (1H. d, J=l5.0Hz). 3.84 (3H. s). 6.06-6.16 (1H. 
m). 7.36 (2H. d. J=8.4H2). 7.57 (1H. dd, J=8.e. 1.8Hz). 7.67 {2H. d. J=8.4Hz), 7.85-7.94 (4H. m). 8.40 (1H. s). 

15 Reference Example 65 

4.f6.chloronaDhthanlene-2-su lfQnylV2.6-DioerazinediQne 

[0411] To a solution of diethyl iminodiacetate(1.89 g) and triethylamine (2.09 ml) in DMF (20 ml)-THF (20 ml) was 
added 6H:hIoronaphthanlene-2-sul1onyl chloride (Z87 g). and the mixture was stirred at room temperature overnight. 
The reaction solution was concentrated under reduced pressure, and to the residue was added ethyl acetate. The mix- 
ture was washed with water and saturated brine, dried and concentrated, and the residue was purified with silica gel 
column chromatography (hexane: ethyl acetate=2: 1) to give colorless crystals of diethyl N-(6-chloronaphthanlene-2. 
suIfonyl)iminodiacetate (5.99 g). 

^H-NMR (CDCy 5: 1.17 (6H. t. J=7.2Hz). 4.08 (4H. q. J=7.2Hz). 4.26 (4H. s). 7.55 (1H. dd. J=8.8. 2.0Hz). 7.83- 
7.95 (4H. m), 8,41 (1H, s). 

[0412] In methanol (30 ml) was dissolved diethyl N-(6-chloronaphthanlene-2-sulfonyl)iminodiacetate (5.99 g). To 
the solution was added IN sodium hydroxide (24 ml), and the mixture was stirred at room temperature overnight The 
reaction solution was concentrated under reduced pressure, and to the residue was added IN hydrochloric acid to 
make the mixture acidic. The mixture was extracted with ethyl acetate, and the organic layer was washed wrth water 
and saturated brine, dried and concentrated to give colorless crystals of N-(6-chloronaphthanlene.2-sulfonyl)iminodia- 
cetatic acid (2.00 g). 

^H-Nf^R (CDCI3) 5: 4.12 (4H. s), 7.68 (1H, dd. J=8,8, 2.2H2). 7.88 (IN, dd. J=8.8, 1.8Hz). 8.08 (1H. d. J=8.8H2). 
8.16-8.25 (2H. m), 8.54 (IH. s). 

[0413] To a solution of N-(6-chloronaphthanlene-2-sutfonyl)]minodiacetatic acid (358 mg) and triethylamine (0.153 
40 ml) in acetonrtrile (1 0 ml) was added isobutyl chlorocarbonate (0.130 ml), and the mixture was stirred at 0'>C for 30 min- 
utes To the mixture was added ammonia solution (0.5 ml), and the mixture was stirred for 30 minutes. To the mixture 
was added 1 N hydrochloric acid (10 ml), and precipitated crystals were washed with water to give pale yellow solid of 
N-(6-chloronaphthanlene-2-sulfony!)iminodiacetatic acid monoamide (286 mg). 

45 ^H-NMR (CDCI3) 8: 3.94 (2H. s), 4.12 (2H. s). 7.27 (1H. brs). 7.63 (1H, brs). 7.69 (1H. dd. J=8.6. 2.0Hz). 7.69 (IH. 

dd, J=8.6. 1.8Hz). 8.11 (IH, d, J=e.6H2), 8.16-8.26 (2H. m). 8.55 (1H. s). 

[0414] To a solution of the iminodiacetatlc acid monoamide (286 mg) in THF (10 ml) was added at 0«C a solution 
of N N'-carbonyldilmldazole (1 1 4 mg) in THF (2 ml), and the mixture was refluxed for 6 hours. The reaction solution was 
50 concentrated under reduced pressure, and to the residue was added ethyl acetate. The mixture was washed with water 
and saturated brine, dried and concentrated, and the residue was purified with silica gel column chromatography (hex- 
ane: ethyl acetate=1: 1) to give coloMess crystals of the titie compound (175 mg). 

iR-NMR (CDCI3) 5: 4.16 (4H. s). 7.57-7.67 (2H. m). 7.77 (1H. dd, J=8.B. 1.8Hz). 7.91-7.90 (3H, m). 8.37 (IH. s). 
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Reference Example 66 



4-f6-chloronaDhthanlene-2-sulfonvrt-1-f4-cvanobenzvn -1.4-diazeDan-2-one 

[0415] According to a similar method described in Reference Example 52. colorless crystals of the title compound 
were obtained from N-(6-chloronaphthanIene-2-sulfonyl)propylenediamine hydrochloride and 4-cyanoben2aldehyde. 

^H-NMR (CDCI3) 5: 1 .68-1.84 {2H. m). 3,30-3.38 (2H, m). 3.56 (2H, t. J=5.8H2). 4.1 5 (2H. s). 4,47 {2H. s). 7.22 (2H. 
d. J=:8.4H2). 7.52 (2H. d, J=8.4H2 ). 7,59 (1H, dd, J=8.9. 1.9Hz). 7.82 (1H, dd, J=:8.7, 1.7H2). 7,87-7.97 (3H. m). 
8.41 (1H. s). 



Reference Example 67 

4-fl-ftert-butQXVcarbonvlV4-oiDeridvlmethvn-1'r6-chloron aphthanlene-2-sulfonvlV1.4-diazepan-5-one 

[0416] A solution of 2.2-d)ethoxysthytamine (2,66 g), i-(tert-butoxycarbonyl)-4-piperidinecarbaldehyde (4.27 g) and 
acetic acid (1.14 ml) in THF (1 00 ml) was stirred at room temperature for 1 hour. To the solution was added sodium triac- 
etoxyborohydride (4.24 g), and the mixture was stin-ed at room temperature for 5 hours. To the mixture was added 
sodium trlacetoxyborohydride (4.24 g), and the mixture was stirred overnight To the reaction solution was added ethyl 
acetate, and the mixture was washed with sodium bicarbonate solution and saturated brine, dried and concentrated. 
The obtained yellow oil (6.64 g) was dissolved In acetonitrile (1 20 mQ. and to the solution were added Z-p-alanine (6.63 
g) and WSC (2.78 g). The mixture was stirred at room temperature overnight The reaction solution was concentrated 
under reduced pressure, and to the residue was added ethyl acetate. The mixture was washed with water and saturated 
brine, dried and concentrated, and the residue was purified with silica gel column chromatography (hexane: ethyl ace- 
tate='l : 2) to give pale yellow oil (5.31 g). A part of the oil (5.53 g) was dissolved in toluene (1 00 ml). To the solution was 
added p-toluenesulfonic acid hydrate (95 mg), and the mixture was stin-ed at 1 lO'^C overnight. To the reaction solution 
was added ethyl acetate, and the mixture was washed with saturated sodium bicarbonate solution and saturated brine, 
dried and concentrated. The residue was purified with silica gel column chromatography (hexane: ethyl acetate=1: 1) 
to give 1 -ben2yloxycarbony!-4-[1 -(tert-butoxycarbonyl)-4-piperidylmethyl]-1 .4,6,7-tetrahydro-5H-1 ,4-diazepin-5-one 
(1-82 g>. 

^H-NMR (CDCta) 5: 1.00-1.33 (2H. m). 1.44. (9H, s), 1.50-1.67 (2H. m), 1.67-1.95 (1H, m), 2.50-2.85 (4H, m), 3.20- 
3.60 (2H, m), 3.90-4.20 (4H, m). 4.95-5.25 (1H. m), 5.21 (2H, s), 5,35 -6.60 (1H, m). 7.38 (5H, m). 

[0417] According to a similar method described in Reference Example 18. amorphous of the title compound was 
obtained from 1 -ben2yloxycarbonyl-4-{1 -(ten-butoxycarbonyl)-4-piperldylmethyl]-1 .4,6,7-tetrahydro-5H-1 .4-diazepin-5- 
one. 

^H-NMR (CDCI3) 5: 0.95-1 .80 (5H. m), 1 .43 (9H, s), 2.52-2.72 (2H. m). 2.72-2.85 (2H. m), 3.05-3.45 (6H. m), 3.45- 
3.60 (2H, m), 3.95-4.15 (2H. m), 7.59 (1H, dd. J=8.B. 2.0Hz). 7.74 (1H. dd. J=B.6, I.8H2), 7,87-7.96 (3H. m). 8.32 
(1H. s). 



Working Example 84 

1-f4-amidinobenzyn-4-ffE1-2-r4-chlorophenvnethe nvlsulfonvh-2-piperBzinone hydrochloride 

[041 8J According to a similar method described in Working Example 4, colorless crystals of the title compound 
were obtained from 4-[(E)-2-(4-chlorophenyl)ethenylsulfonyl)-1-(4-cyanoben2yl)-2-plperazinone. 

^H-NMR (DK/ISO-de) 5: 3,38-3,50 (4H, m). 3.90 (2H, s), 4.65 (2H, s). 7.43-7,57 (6H, m). 7.73-7.85 (4H. m). 9.10 
(2H. brs), 9.35 (2H. brs). 



Working Example 85 



1-(4-amidinobenzvl)-4-M-vinvlbenzenesulfonvlV2-piperazin one hydrochloride 

[041 9J According to a similar method described in Working Example 4, coloriess crystals of the title compound 
were obtained from l-(4-cyanobentyl)-4-(4-vinylben2enesuIfonyl)-2-pipera2lnone. 
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1H-NMR (DMSO-d.) 6: 3.23-3.40 (4H. m). 3.73 (2H. s). 4.59 {2H, s). 5.50 (1H. d, J=11.1Hz), 6.07 (1H. d. 
J=l7.5Hz). 6.87 (1H. dd, J=17.5. ll.lHz). 7.39 (2H, d. J=8.4Hz). 7.72-7.85 {6H. m). 9.11 (2H. bre). 9.35 (2H. brs). 

Working Example 86 

^ i.(,S-amidino-?-nvridvlmethvn-4-fB-chloron a Dhthanlene-?-sulfonvn-2-pip^ dihydrochloride 

[0420] According to a similar method described in Working Example 4, powder of the title compound was obtained 
from 4-(6-chlorDnaphthanlene-2-sulfonyl)-1-(5-cyano-2-pyridyImethyl)-2-plperazinone. 

^H-NMR (DMSO-dc) 5: 3.46 (4H. brs). 3.77 {2H, s). 4.64 (2H. s). 7.42 (1H. d. J=8.4Hz). 7.74 (1H. dd, J=8.9. 2.1Hz), 
7.90 (1H, dd. J=8.6. 1.8H2). 8.07 (1H. dd. J=8,4. 2.2Hz). 8.20 (1H. d. J=8.9Hz). 8.25-S.34(3H. m). 8.61 (IH. s). 
8.83(1 H.'d. j'=2-2H2V 9.20 (2H. brs). 9.49 (2H. brs). 

15 Working Example 87 

i.f7..mlrtinn-?-naDhthvlm P thyi)-4.fG-chloronanhthanlene-2-S?Ulf9nvn-^pipera^inone hydrochloride 

[04211 According to a similar method described in Working Example 4. colorless crystals of the title compound 
20 were obtained from 4.(6^hloronaphthanlene-2-sulfonyl)-1 -(7.cyano-2-naphthylmethyl)-2-piperazinone. 

^H-NMR (DHSO-de) 5' 3.23-3.50 (4H, m). 3.84 (2H. s). 4.68 (2H. s). 7.44 (1 H. dd. J=8.4. 1 .6H2). 7.69-7.93 (5H. m). 
8.09 (1H. dd. J=8.4HZ). 8.15 (1H. dd. J=8,8Hz). 8.20-8.31 (2H. m). 8.42 (1H. s). 8.60 (IH. s), 9.00-9.70 (4H, br). 

25 Working Example 88 

i-f4-amidinobenzvn-4-f7-chlQrQ-2H-benzQDvran-3-sul f o nvn-2-P i P graj;inone hydrochloride 

[0422] According to a similar method described in Working Example 4, colorless crystals of the title compound 
30 were obtained from 4-(7-chloro-2H-ben2opyran-3-sutfonyl)-1-(4-cyanoben2yI)-2-piperazinone. 

^H-NMR (DHSO-de) 6: 3.32-3.42 (2H. m). 3.48-3.58 (2H. m). 3.90 (2H. s), 4,65 (2H. s). 4,99 (2K s), 7.07 (IH. d, 
J=1.9Hz), 7.12 (IH. dd, J=8.0. 1.9Hz). 7.43-7.52 (4H. m), 7.78 (2H. d. J=B.2Hz). 9.14 (2H. brs). 9.36 (2H, brs). 

35 Working Example 89 

Vf4-amidinobenzvn^.f5^hloro b pn7Qfuran-2-sulfonvn-2-piperazinone hydrochloride 

[0423] According to a similar method described in Working Example 4, colorless crystals of the title compound 
40 were obtained from 4-(5<hIorobenzof uran-2-sulfonyl)-l .(4^anobenzyl)-2-piperazinone. 

iH-NMR (DMSO-d) 5: 3.26-3.40 (2H, m). 3.55-3.66 {2H. m), 3.99 (2H. s). 4.58 (2H. s). 7.39 (2H. d. J=B.4Hz), 7.60 
{1H, dd. J=8.8. 2.2Hz). 7.71 (2H. d. J=8.4Hz). 7.76 (IH. d. J=0.6Hz). 7.82 (IH, d. J=e.8Hz), 7.94 (1H. d. J=2.2Hz). 
9.09 (2H, brs). 9.33 (2H. brs). 

45 

Working Example 90 

1 W4.amidinoben2vh-4-f3-n H-imidazol-1 -vlmet h vhbenzenesultonvn-2-Piperazinope dihydrgghlon^e 

50 [0424] A solution of 4-[3-(bromomethyl)benzenesulfonyl)-1-(4-cyanobenzyl)-2-pipera2lnone (1.21 g) obtained from 
l-(4-cyanoben2yl)-2-piperazinone hydrochloride and 3-(bromomethyl)ben2enesutfonyl chloride according to a method 
described in Reference Example 6 and imidazole (613 mg) in DMF (20 ml) was stin-ed at room temperature overnight. 
The reaction solution was concentrated under reduced pressure, and to the residue was added ethyl acetate. The mix- 
ture was washed with sodium bicarbonate solution and saturated brine, dried (MgS04) and concentrated, and the res- 

55 idue was purified with silica gel column chromatography (ethyl acetate: methanol containing 10% ammonia 
soluUon=a5: 15) to give pale yellow amorphous of i.(4-cyanobenzyl)-4-13-(1 H-imidazol-1 -ylmethyl)benzenesulfonyl]-2- 
piperazinone (734 mg). 
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^H-NMR (CDCI3) 5: 3.23-3.39 (4H, m). 3.78 (2H, s). 4.60 (2H. s). 5.23 (2H, S), 6.93 (1H. s). 7.14 (1H. s). 7.32 (2H. 
d. J=:8.2Hz). 7.39 (1H. d. J=7.BHz). 7.53-7.66 {5H. m). 7.76 (IH. d. J=7.8Hz). 

r04251 According to a similar method described ir, Working Example 4. pale yellow amorphous of the title com- 
5 pound was obtained Irom i-(4-cyanoben2yl)-4-l3-(lH-imida2oM-ylmethyl)benzenesullonyl)-2-piperazinone. 

'H-NMR (DMSO-de) 5: 3.20-3.40 (4H. 3). 3.77 (2H, s). 4.5S {2H. s), 5.G1 (2H, s). 7.35 (2H. d. J=B.4Hz), 7.65-7.94 
(7H, m), 8.01 (IH, s), 9.33 (2H. brs). 9.43 (1H. s). 9.51 (2H. brs). 



10 Working Example 91 

^.■f^.am•■rii^nhPn7vn-4■t4-(1H■lmlria7Ql-1^ y lmMhvl^hen7en*>slllfonvn-2-piPRra?i^0n9 dihvdrochloride 

ro426] Accortling to a similar method described in Working Example 90. colorless crystals of the title compound 
,5 were obtained from 1 .{4-cyanobenzyl)-2-plperazinone hydrochloride and 4-(bromomethyl)benzenesulfonyl chloride. 

^H-NMR (DlWISO-de) 5: 3.33 (4H. br). 3.73 (2H. s). 4.57 (2H. s), 5.63 (2H. s). 7.41 (2H, d. J=8.2Hz). 7.68-7.93 (8H. 
m). 9.28 (2H, brs). 9.42 (IH, s). 9.47 (2H. brs). 

20 Working Example 92 

1.(^.pn 7iH-.nohPn7viV444-f N -f ^-r V"'^V'^«'^'""'"'^^'v"'^''"''P-"e'''l"""y"-^'P'P^'^'''"""'^^^ 

[04271 According to a similar method described in Woricing Example 4. pale yellow amorphous of the title com- 
25 pound was obtained from 4-[4-[N-(tert-butoxycarbonyl)-N-(4-pyridyl)aminomethyllbenzenesulfonyll-1 .(4-cyanobenzyl)- 

2-piperazinone. 

'H-NMR (DN/lSO-de) 5: 3.33 (4H. br), 3.71 (2H. s). 4.57 (2H. s). 4.70 (2H. d. J=6.0Hz). 6.82-6.92 (1H, m). 7.02-7^12 
(I H m) 7 40 (2H. d' J=8.4Hz). 7.65 (2H. d, J=8.0Hz), 7.79 (2H. d, J=S.4Hz), 7.84 {2H. a, J=8.0Hz). 8.10-8.28 (2H. 
30 m). 9.17 (2H, brs). 9.33-9.50 (3H. m). 

Working Example 93 

>,.(7^hinr».?H.hPn7nnv r=.n-r^->=uifnnvivi-r4-fN-mettiQxvrflrt7nnvlflmidinn)h( ' n7vlV?-piperazirione 

[0428] To a solution of i-(4-amidinobenzyt)-4-(7-chloro-2H-benzopyran-3-sulfonyl)-2-piperazinone hydrochloride 
99 mg) and triethylamine (0.084 ml) in dlchloromethane (10 ml) was added dropwlse a solution of methyl chlorocar- 
bonl (0.023 g) In d-«hloromethane (2 ml) at O-C, and the mixture was stirred at O'C for 1 hour. The reason soluUon 
was diluted with dlchloromethane. washed with sodium btearbonate solution and saturated brine, dned (MgSO^) and 
concentrated. Precipitated crystals were washed with ether to give coloriess crystals of the tKle compound (95 mg). 

'H-NMR (DMSO-ds) 5: 3.25-3.40 (2H, m), 3.47-3,56 (2H. m). 3.62 (3H. s). 3.89 (2H, s). 4.61 (2H, s). 4.97 (2H s) 
7 06 0 H. d, J=1 9HZ). 7.1 1 (1 H. dd. J=8.1 , 1.9Hz). 7.34 (2H. d. J=8.2Hz). 7.47 (2H. d. J=8.1 Hz). 7.49 (IH. S). 7.94 
(2H. d. J=e.2Hz). 9.05 (2H, br). 

Working Example 94 

i.f^.fN.f-..arPtowethoxvr«rhnnvnamidin » 1hPn7vll-4-f7-chloro-?H-benz<?PVran-3-su|fonyl)-2-pipera;inone 

f04291 A solution of 1 .(4-amidinoben2yl)-4-(7-chloro-2H-benzopyran-3-su«onyl)-2-piperazlnone hydrochloride (99 
mg), 0-(1-acetoxyethoxycarbonyl)-4-nitmphenol (54 mg). diisopropytethylamlne (39 mg) in DMF (5 ml) v«s stirred a 
BO'C for 1 hour. The reaction solution was concentrated under reduced pressure, and to the residue was added ethyl 
acetate The mixture was washed with sodium bicarbonate solution and saturated brine, dried (MgS04) and concen- 
trated. Precipitated crystals were washed with ether to give colorless crystals of the title compound (49 mg). 

^H-NMR (CDCI3) 5: 1.55 (3H. s). 2.08 (3H. s). 3.30-3.40 (2H, m), 3.45-3.55 (2H, m), 3.98 (2H s), (f • J- 
(2H, s). 6 35-6.70 (1H, br), 6.91-7.03 (2H. m), 7.13 (IH. d. J=8.2Hz), 7.28 (1H, s). 7.34 (2H. d, J=8.2Hz). 7.85 (2H. 
d. J=B.2Hz). 
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Working Example 95 

4-f7<:hloro-2H-benzopvran-3-sulfonvlVl-f4-(N-Dh/alovloxvmethoxvcarbonv!amidinolbenzvl1-2<)iperaz 

5 [0430] Accorcftng to a method described in Working Example 94, cx)lorless crystals of the title compound were 
obtained from 0-(pivaloyloxymethoxycarbonyl)-4-nltropheno! instead of 0-(1 -acetoxyethoxycarbonyl)-4-nitrophenol. 

^H-NMR (CDCI3) 6: 1.22 (9H, s). 3,32-3.42 (2H. m). 3.46-3.56 (2H. m), 3,98 (2H. s), 4.67 (2H, s), 4.86 (2H. d. 
J=1.0Hz), 5.87 (2H. s). 6.93 (1H. d. J=1.8H2), 7.00 (1H. dd, J=8.0. 1.8H2),7.14 (1H, d. J=8.0Hz). 7.28 OH,s), 7.34 
10 (2H, d. J=8.5H2), 7,86 (2H, d. J=8.5Hz). 

Working Example 96 

4-f7<hloro-2H'benzoDvran-3-sulfonylVV[4-[N-f5-methvl-2-oxo-1.3-dioxoM-vlmethoxvcafbonvnamldino)benzyll-2-pip- 

15 erazinpn^ 

[0431] According to a method described in Working Example 94, colorless crystals of the title compound were 
obtained from 0-(5-methyl-2-oxo-1,3-dioxol-4-ylmethoxycarbonyl)-4-nitrt)phenol instead of 0-(1-acetoxyethoxycarbo- 
ny!)-4-n(trophenol, 

20 

^H-NMR (CDCta) 5: 2.20 (3H. s). 3.32-3.42 (2H, m), 3.46-3.56 (2H, m), 3.98 (2H. s), 4.67 (2H, s), 4.86 {2H. d. 
J=1.2H2), 4.93 (2H, s), 6.92 (1H, d. J=2.2H2), 7.00 (1H, dd. J=8.0, 2.2H2), 7.13 (1H. d. J=8.0H2), 7.28 (IH, s), 7.34 
(2H. d, J=8.4H2), 7.85 {2H, d. J=8.4Hz). 

25 Working Example 97 

4-f6-chloronaDhthanlene-2-sulfonvlM-r2-n-M-Pvridvn-4-piperidvl1ethvn-2-prpera2inone hydrochloride 

[0432] According to a similar method described in Working Example 15, 4-(6-chloronaphthanlene-2-sulfonyl)-l-[2- 
30 [l-(4-pyridyl)-4-piperidyl]ethyl]-2-piperazinone was obtained from 1-{4-pyridyi)-4-[2-(methylsutfonyloxy)ethyl]piperidine 
instead of 1 -(4-pyridyl)-4-methylsulfonyloxymethylpiperidine. The obtained product was dissolved in ethanol and 4N 
hydrochloric acid in ethyl acetate, and the solution was concentrated under reduced pressure to give colorless crystals 
of the title compound. 

35 ^H-NMR (DMSO-dg) 5: 0.87-1.24 (4H. m). 1.30-1,60 (IH. m). 1 .64-1,80 (2H, m). 2,94-3,13 (2H, m), 3.16-3.48 (6H, 

m). 3.69 (2H, s), 4.06-4.22 (2H, m). 7.16 (2H. d, J=7.8Hz). 7.72 (IH, dd. J=8.7. 2.1Hz). 7.90 (IH, dd. J=8.6. I.8H2), 
8.15-8.31 (5H, m), 8.60 (IH, s). 

Working Example 98 

40 

4-f6-chloronaphthanlene-2-sulfonvlM -f 1 -(4-Dvridvn-4-DiDeridvll-2-plpera2inone hvdrochloride 

[0433] To 1-[1-(tert-butoxycarbonyl)-4-piperidyl]-4-(6-chloronaphthanlene-2-sulfonyl)-2-pipera2inone (3.71 g) were 
added 4N hydrochloric acid in ethyl acetate (20 ml) and ethanol (10 ml), and the mixture was stirred at room tempera- 
45 ture for 30 minutes. The reaction solution was concentrated to give colorless crystals of 4-(6-chioronaphthanlene-2-sul- 
fonyl)-1-(4-piperidyl)-2-pipera2inone hydrochloride (3.11 g). 

[0434] To a solution of 10% sodium carbonate were added 4-(6-chloronaphthanlene-2-sulfonyl)-1-(4-piperidyl)-2- 
pipera2inone hydrochloride (800 mg) and bromopyridine hydrochloride (1.05 g). and the mixture was extracted with 
ethyl acetate, dried and concentrated. To the residue was added isoamylalcohol (30 ml), and the mixture was allowed 
50 to react at 1 30*C for 1 2 hours. The reaction solution was concentrated under reduced pressure, and to the residue was 
added 10% sodium carbonate solution. The mixture was extracted with a mixture of ethyl acetate-THF, and the extract 
was washed with saturated brine, dried (MgS04) and concentrated. To the residue was added ethanol to give colorless 
crystals of 4-(6-chloronaphthanlene-2-sui1onyl)-1-[l-(4-pyridyl)-4-piperidyI]-2-ptperazinone (289 mg). Apart of the crys- 
tals were treated with hydrochloric acid to give colorless solid of the title compound (185 mg) as hydrochloride. 

55 

''H-Nr\^R (DMSO-dg) 5: 1.50-1.67 (4H, m). 3.08-3.40 (6H. m). 3.67 (2H, s), 4.20-4.60 (3H, m), 7.19 (2H, d, 
J=7.8H2). 7.74 {IH, dd, J=8.8. 2,0Hz), 7.88 (1H, dd. J=8.8. 1.8Hz). 8.15-8.33 (5H. m). 8.59 (1H. s). 
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Working Example 99 

4>f6-chloronaDhthanlene-2-sutfonvn-1-f1-/4-DvrldviV3-PVrrolidinvlmethvl]-2-DiDera2lnone hydrochloride 

5 [0435] Acx:ording to a similar method described in Working Example 98, amorphous of the title compound was 
obtained from 1 -[1 •(tert-butoxycarbonyl)-3-pyrroridinylmethyll-4-(6-chtoronaphthaniene-2-sulfonyl)-2-plpera2inone. 

^H-NMR (DMSO-dg) 6: 1.52-1.78 (1H, m). 1.87-2,08 (1H, m). 2.38-2.64 {1H, m). 3.02-3.60 (10H, m), 3.71 (2H, s). 
6.76 (2H, br). 7.72 (1H, dd. J=B.9, 2.1Hz), 7.91 (1H, dd. J=8.5, 1.7Hz). 8.14-8.34 (5H, m), 8.62 (1H. s). 

JO 

Working Example 1 00 

1-[1-Bcetimidovl-3-pvrrolidinvlmethyl)-4-f6-chloronaDhthanlene'2-sulfonvlV2'Pipera2inone hydrochloride 

15 [04361 According to a similar method described In Working Example 10, colorless crystals of the title compound 
were obtained from 4-(6^hloronaphthanlene-2-sulfonyl)-1-(3-pyn'olidinylmethyl)-2-pipera2inone hydrochloride. 

^H-NMR (DMSO-dg) 5: 1.50-1 .70 (1H, m), 1.80-2.02 (1H, m). 2.15 and 2.20 (total 3H, each s), 2.42-2.63 (1H. m), 
2.90-3.08 (1H, m), 3.14-3.70 (9H. m). 3.67 (2H. s), 7.74 (1H. dd, J=:8.7, 2.1Hz), 7.90 (1H. dd, J=8.6, I.BHz), 8.16- 
20 8.34 (4H. m). 8.61 (1H, s). 9.04-9.14 (1H, m). 

Working Example 101 

4-f6^hloronaphthanlene-2-sulfonvn-1-f1-f4-Dvridvn-3-piDeridvlmethvn-2>pipera2inQne hydrochloride 

25 

[0437] According to a similar method described in Working Example 1 5, 4-(6-chloronaphthanlene-2-sulfonyl)-1 -[1 - 
(4-pyridyl)-3-piperidylmethyl)-2-piperazinone was obtained from 1-(4-pyridyl)-3-methylsuIfonyloxymethylpiperidine 
instead of 1-(4-pyridyl)-4-methylsulfonyloxymethylpiperidine. The obtained product was dissolved in ethanol and 4N 
hydrochlork; acid in ethyl acetate, and the solution was concentrated under reduced pressure to give coloriess amor- 
30 phous of the title compound. 

^H-NMR (DMSO-dg) 6: 1.00-2.00 (5H, m), 2.85-3.60 (8H, m), 3.73 (2H. s), 3.80-4.07 (2H, m), 7.13 {2H, d, 
J=7.BH2). 7.74 (1H, dd, J=8.9, 1.9Hz), 7.91 (1H, dd. J=8.7. 1.7H2). 8.13-8.34 (5H. m), 8.62 (1H. s). 

35 Working Example 102 

4-f4-isopropenvlbenzenesulfonvn-l-f1-f4-Dvridvn-4-piperidvlmethvll-2-piperazinone hydrochloride 

[0438] To a solution of 1-{1-(4-pyridyl)-4-piperidylmethyl]-2-piperazinone (549 mg) and triettiylamine (0.836 ml) In 
40 die hlorom ethane (10 ml) was added dropwlse a solution of 4-{2-bromo-1-methylethyl)ben2enesulfonyl chloride (893 
mg) in dk:hlonDmethane (2 ml) at 0°C, and the mixture was stin-ed at 0*C for 1 hour and then at room temperature for 6 
hours. The reaction solution was diluted with dichtoromethane, washed with water and saturated brine, dried (MgS04) 
and concentrated. The residue was dissolved In ethanol (20 ml), and to the solution was added 1 N sodium hydroxide 
(2 ml). The mixture was stirred at 80*0 for 30 minutes, and to the reaction solution was added ethyl acetate. The mixture 
45 was washed with water and saturated brine, dried (MgS04) and concentrated, and the residue was purified with silica 
gel column chromatography (acetone : methanol=9: 1-»1: 1) and washed with water to give colorless crystals of 4-(4- 
isopropenyIben2enesulfonyl)-l -[1 -(4-pyridyl)-4-piperidylmethyl]-2-piperaztnone (155 mg). 

^H-NMR (CDCI3) 6: 1.15-1.40 (2H, m), 1.60-2.02 (3H. m). 2.19 (3H. s), 2.70-2.90(2H, m). 3.26 (2H, d, J=7.4Hz), 
50 3.30-3.40 (2H, m). 3.40-3.50 (2H, m), 3.73 (2H. s), 3.78-3.93 (2H, m), 5.28 (1H. s), 5.51 (1H, s), 6.62 (2H, d. 

J=6.4Hz), 7.63 (2H, d, J=8.5H2). 7.75 (2H, d, J=8.5Hz), 8.24 {2H, d, J=6.4H2). 

[0439] The obtained product was dissolved in ethanol and 4N hydrochloric acid in ethyl acetate, and the solution 
was concentrated under reduced pressure to give coloriess amorphous of the title compound. 

55 
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Working Example 103 

4-f4-^fEV^-propenvl]ben2enesu^tonv^O-f1'(4-pvrldvl^4-plperic^/lmethvl)-2-piDera2inon hydrochloride 

5 [0440] According to a similar method described in Working Example 102, colorless crystals of 4-[4-((E)-1-prope- 
nyllbenzenesulfonyl)-l-[1-(4-pyridyl)-4-piperidylmethyl]-2-pip€razinone was obtained from 4-(2-bromopropyl)benze- 
nesutfonyl chloride instead of 4-(2-bronno-1-methylethyl)benzenesulfonyi chloride. 

^H-NMR (CDCI3) 8: 1.14-1.40 (2H, m), 1.57-1.74 (2H, m), 1.80-2.02 (4H, m), 2.70-2.90 (2H, m). 3.25 {2H. d, 
10 J=7.eHz). 3.27-3.38 {2H. m), 3.36-3.50 (2H. m). 3.73 (2H, s). 3.78-3.94 (2H. m), 6.41-6.48 (2H, m), 6.62 (2H, d, 

J=6.0H2). 7.49 (2H. d. J=8.4Hz). 7.71 (2H. d. J=8.4H2). 8.24 (2H. d, J=6.0H2). 

[04411 obtained product was dissolved in ethanol and 4N hydrochloric acid in ethyl acetate, and the solution 

was concentrated under reduced pressure to g'rve colorless amorphous of the title compound. 

15 

Working Example 1 04 

4-(4-todobenzenesulfonvn-1 -[1 -f4-pvridvh-4-piperidvlme1hvl1-2-piperazlnone hydrochloride 

20 [0442] To a mixture of 1-[1-(4-pyridyI)-4-piperidylmethyl]-2-pipera2inone (549 mg), sodium bicarbonate solution (5 
ml), ethyl acetate (10 ml) and THF (5 ml) was added dropwise, under ice-cooRng, a solution of 4-lodoben2enesulfonyl 
chloride {1 .21 g) In THF (1 0 ml), and the mixture was stirred at 0°C for 1 hour. The separated organic layer was washed 
with saturated brine, dried (MgS04) and concentrated, and the residue was purified with silica gel column chromatog- 
raphy (acetone : methanob9: 1 -»1: 1) and washed with water to give colorless crystals of 4-(4-lodobenzenesulfonyl)- 

25 1 -[1 -(4-pyridyl)-4-piperidylmethyI]-2-pipera2inone (1 55 mg). A part of the crystals were treated with hydrochloric acid to 
give colorless crystals of the title compound as hydrochloride. 

"•H-NMR (DMSO-dg) 5: 0.95-1.30 (2H. m), 1.50-1.75 (2H, m), 1.80-2.15 (1H. m). 2.95-3.55 (BH, m), 3.61 (2H. s). 
4.08-4.28 (2H. m), 7.17 (2H. d, J=7.5Hz), 7.59 (2H. d, J=B.6Hz), 8.06 (2H, d, J=B.6Hz), 8.19 (2H, d. J=7.5H2), 

30 

Working Example 105 

4-(3-bromQben2enesulfonvlM 41 •f4'Pvridyn-4-piperidvlmethvr|-2-piperazinone hydrochloride 

35 [0443] To a solution of 1-{1-(4-pyridyO-4-piperidylmethyl]-2-piperazinone (2.74 g) and triethylamine (1.67 ml) in 
dichloromethane (50 ml) was added dropwise at 0**C S-bromobenzenesuffonyl chloride (2.56 g), and the mixture was 
stinred at 0**C for 1 hour. The reaction solution was diluted with dichloromethane, was washed with water and saturated 
brine, dried (f^gS04) and concentrated, and the residue was purified with silica gel column chromatography (acetone : 
methanol=9: 1^1: 1) and washed with water to give colorless crystals of 4-(3-bromobenzenesutfonyl)-1-[1-(4-pyridyl)- 

4o 4-piperidylmethyl]-2-piperazinone (1.28 g). A part of the crystals were treated with hydrochloric acid to give colorless 
crystals of the title compound as hydrochloride. 

^H-NMR (DMSO-dg) 6: 0.95-1.22 (2H. m). 1.51-1.72 (2H, m). 1.85-2.12 (1 H, m), 2.97-3.25 (4H, m), 3.30-3.48 (4H. 
m), 3.67 (2H. s), 4.08-4.28(2H, m), 7.17 (2H, d, J=7.2Hz), 7.59-7.70 (IH, m), 7.81-7.89 (1H. m). 7.95-8.04 (2H, m). 
45 8.20 (2H, d, J=7.2H2). 

Working Example 106 

4-(counnarin-6'SUlfQnvn-1-{1-f4-Pvr]dvn-4-piperidvlmethvl]-2-piperazinone hydrochloride 

50 

[0444] According to a similar method described in Working Example 1 05. 4-(courmarin-6-surfonyl)-1 -[1 -(4-pyridyl)- 
4-piperidylmelhyl]-2-pipera2inone was obtained from 1 -(1 -(4-pyridyl)-4-piperidylmethyl]-2-pipera2inone and courmarin- 
6-sulfonyl chloride. 

55 *H-NMR (CDCI3) 5: 1.17-1.42 (2H, m). 1.62-1.78 (2H, m), 1.80-2.09 (IH. m). 2.73-2.92 (2H, m), 3.28 (2H, d. 

J=7.4Hz), 3.33-3.43 (2H. m). 3.43-3.53 (2H. m). 3.75 (2H s), 3.80-3.95 (2H, m). 6.55-6.68 (3H, m), 7.51 (1H. d. 
J=8.6H2). 7.78 (1H, d. J=9.8Hz), 7.92 (IH, dd, J=8.6, 2.1Hz). 7.98 (IH. d, J=2.1H2). 8.24 (2H, d, J=6.5Hz). 



85 



EP 1 054 005 A1 

[0445] A part of the product was treated with hydrochloric acid to give colorless amorphous of the title compound 
as hydrochloride. 

Working Example 107 

5 

4-f7<:hloro-4H-4-oxobenzoPvran-3-sulfonvh-1-f1-(4-DVrrdvlV4-piperidylmethvn-2-piperazinone hydrochloride 

[0446] According to a similar method described in Working Example 105, powder of 4-(7-chloro-4H-4-oxoben2o- 
pyran-3-sutfonyl)-1-[1-(4-pyr(dyl)-4-piperidylmethy(]-2-piperazinone was obtained from 1-[1-(4-pyridyl)-4-plperidylme- 
10 thyl]-2-pipera2inone and 7-chloro-4H-4-oxoben2opyran-3-sulfonyl chloride. 

^H-NMR (CDCI3) 5: 1.17-1.43 (2H. m), 1.60-2.20 (3H, m). 2.75-2.95 (2H, m). 3.31 (2H. d, J=7.4H2), 3.43-3.58 (2H. 
m). 3.80-4.00 (4H, m), 3.99 {2H. s). 6.66 (2H, br), 7.51 (1H. dd, J=8.2. 1.8Hz), 7.62 (1H, d, J=1.eH2). 8.17 (IH. d. 
J=8.2H2). 8.19 (2H. br), 8.67 (1H, s). 

15 

[0447] A part of the obtained product was treated with hydrochloric acid to give amorphous of the title compound 
as hydrochloride satt. 

Working Example 108 

20 

4-fn . 1 '-biphenvh-4-vlsuffonvl}-1 >ri >f4-pvridvn-4-DlDeridvlmethvn-2-DiDerazinone hydrochloride 

[0448] A mixture of 4-(4-iodoben2enesulfonyI)-l-[1-(4-pyridyl)-4-plperldylmethyl]-2-pipera2inone (216 mg), phenyl- 
boronic acid (98 mg). tetrakls(triphenylphosphine)palladium (46 mg), 1M sodium carbonate solution (1.2 ml) and 

25 dimethoxyethane (1 0 ml) was refluxed for 2 hours and cooled, and to the reaction solution was added ethyl acetate. The 
mixture was washed with water and saturated brine, dried and concentrated, and the residue was purified with silica gel 
column chromatography (acetone : methanol=9: 1-^1: 1) and washed with water to give coloriess crystals of 4-[(1,1'- 
biphenyl)-4-ylsulfonyl]-1-(1-(4-pyridyl)-4-piperidylmethyl]-2-pipera2inone (115 mg), which were dissolved In ethanol and 
a solution of 4N hydrochloric acid in ethyl acetate. The solution was concentrated under reduced pressure to give amor- 

30 phous of the title compound, 

^H-NMR (DMSO-dg) 5: 0.95-1.20 (2H, m), 1.50-1.70 (2H, m), 1.80-2.10 (IH, m), 2.90-3.25 (4H. m). 3.38 (4H. brs), 
3.67 (2H. s), 4,00-4.20 (2H, m), 7.09 (2H, d, J=7.5H2), 7.46-7.61 (3H, m), 7.78-7.85 (2H. m). 7.91 (2H, d, J=8.7H2), 
8.00 (2H, d, J=8.7Hz). 8.18 (2H. d. J=7.5H2). 

35 

Working Example 109 

4-[f1.V-biphenvh-3-vlsulfonvl)-1-[1-f4-Dvridvn-4-piperidylmethvn-2-pipera2inone hydrochloride 

40 [0449] According to a similar method described in Working Example 108, amorphous of the title compound was 
obtained from 4-(3-bromoben2enesuIfonyl)-1-{1-(4-pyridyl)-4-piperidylmethyl]-2-pipera2lnone and phenylboronic acid. 

^H-NMR (DMSO-de) 5: 0.90-1,20 (2H, m), 1.45-1.68 (2H, m). 1 .80-2.10 (1 H, m), 2.90-3.25 (4H, m), 3.25-3.55 (4H, 
m), 3.71 (2H. s). 4.03-4.23 (2H, m), 7.1 1 (2H, d. J=7.4H2). 7.27-7.61 (3H. m), 7.73-7.89 (4H. m), 7.98-8.13 (2H, m). 
45 8.1 8 (2H. d, J=7.4H2). 

Working Example 110 

4-(3'-chlorof 1 .1 '-biDhenvl)-3-vlsulfonvn-1 -fl -f4-Dvridvn-4-piperidvlmethvll-2-Pipera2inone hydrochloride 

50 

[0450] According to a similar method described in Working Example lOB, colorless crystals of the title compound 
were obtained from 4-(3-bromobenzenesutfonyl)-1 -[1-(4-pyridyl)-4-piperidylmethyl]-2-pipera2inone and 3-chlorophe- 
nylboronic acid. 

55 ^H-NMR (DMSO-de) 5: 0.93-1.20 {2H, m), 1.50-1.70 {2H. m). 1 .85-2.10 (1 H. m), 2.95-3.20 (4H, m). 3.28-3,48 (4H, 

m). 3.70 (2H, s). 4.06-4.24 (2H, m). 7. 1 4 (2H. d. J=7.3Hz), 7.46-7.61 (2H, m), 7.70-7.80 (4H, m), 8.01-8.22 (4H, m). 
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Working Example 1 1 1 

4-f4-ethvnvlben2enesullonvlV1-f1-(4-DvridvlV4-DiDeridvlmethvn-2-piperazinone hydrochloride 

[0451] To a solution of i-[i-(tert-butoxycarbonyl)-4-(4-iodoben2enesutfonyI)-4-piperldyimethyl]-2-pipera2inone 
{1,13 g), which was produced according to a method described in Reterence Example 54 using l-(1-(tert-butoxycarbo- 
ny|)-4-piperidytmethyl]-2-piperazinone and 4-iodobenzenesutfonyl chloride, in diethylamine {20 ml)*DMF (5 ml) were 
added trimethylsilyl acetylene (244 mg), bis(triphenyIphosphine)palIadium chloride {II) (69 mg) and copper iodide (2 ml), 
and the mixture was stirred at room temperature for 5 hours. The reaction solution was concentrated, and the residue 
was purified wrth silica gel column chromatography (hexane: acetone =1: 1 ) to give brown crystals of 1-[1-(tert-butoxy- 
carbonyl)-4-piperidytmelhyr]-4-[4-[2-(trimethyisilyl)ethynyl]ben2enesulfonyl]-2-piperazinone (825 mg). To a solution of 
1 .[i-(tert-butoxycarbonyl)-4iDiperidylmethyl]-4-[4-[2-(trimethylsllyl)ethynyI]ben2enesulfonyn-2i3ip6r^^ (534 mg) in 
toluene (10 ml) was added trifluoroacelic acid (5 ml), and the mixture was stirred tor 1 hour. The reaction solution was 
concentrated, and the residue was dissolved in ethanol (20 ml). To the solution was added IN sodium hydroxide (2 ml), 
and the mixture was stin-ed at room temperature for 1 hour To the reaction solution was added ethyl acetate, and the 
mixture was washed whh 10% sodium carbonate solution and saturated brine, dried (MgS04) and concentrated. Pre- 
cipitated crystals were washed with ethanol-ether to give brown crystals of 4-(4-ethynylben2enesulfonyl)-1 -[4-piperidyl- 
methyl}-2-pipera2inone (450 mg). To 10% sodium carbonate solution was added bromopyridine hydrochloride {272 
mg), and the mixture was extracted with ethyl acetate, dried and concentrated. To the residue were added 4-{4-ethynyl- 
benzenesulfonyl)-l-[4-piperidylmethyl]-2-piperaz(none (289 mg) and tsoamylalcohol (10 ml), and the mixture was 
allowed to react at 130*C overnight. The reaction solution was concentrated under reduced pressure, and to the residue 
was added 10% sodium carbonate solution. The mixture was extracted with ethyl acetate-THF, and the extract was 
washed with saturated brine, dried and concentrated. The residue was purified with silica gel column chromatography 
(acetone : methanol=9: 1->1: 1), washed with water, and precipitated crystals were washed with acetone-ether to give 
powder of 4-{4-ethynylbenzenesulfonyl)-1-[1-(4-pyridyl)-4-p!peridylmethyl)-2-pipera2inone (85 mg). 

'H-NMR (CDCI3) 6: 1.15-1.40 {2H, m). 1.57-1.73 (2H, m), 1.80-2.02 (IH, m), 2.70-2.90 (2H. m), 3.26 (2H, d. 
J=7.4Hz), 3.34 (1 H, s), 3.30-3.40 (2H, m), 3.40-3.50 (2H, m), 3.74 {2H, s), 3.80-3.94 (2H. m). 6.63 {2H, d, J=6.0Hz), 
7.67 (2H, d, J=6.5H2). 7.77 (2H, d, J=8,5Hz), 8.24 (2H, d, J=6.0Hz). 

[0452] A part of the product was treated with hydrochloric acid to give powder of the title compound as hydrochlo- 
ride. 

Working Example 112 

4-f3-ethvnvlbenzenesulfonyl)-1-n-f4-Dvridvn-4-DiDeridvlmethvl|>2-pipera2inone hydrochloride 

[0453] According to a similar method described In Working Example 111, powder of 4-(3-€thynylben2enesulfonyl)- 
l-[1-(4-pyridyl)-4-piperidylmethyl]-2-piperazinone was obtained from 4-(3-bromoben2enesulfonyl)-l-[1-(ter1-butoxycar- 
bonyl)-4-piperidyimethyl]-2-pipera2inone instead of 1 •[^ -(tert-butoxycarbonyl)-4-{4-iodoben2enesulfonyt)-4-piperidy1- 
methyl]-2-piperazinone. 

^H-NMR (CDCy 5: 1.16-1.40 {2H. m), 1.60-1.75 (2H. m). 1.82-2.03 (1H, m). 2.72-2.90 (2H, m), 3.22-3.50 (7H. m). 
3.74 (2H. s), 3.80-3.93 (2H, m). 6.63 (2H, d, J=5.2Hz), 7.50-7.60 (1H, m). 7.70-7.83 (2H, m), 7.88-7.92 (1H. m), 
8.23 (2H. br). 

[0454] A part of the product was treated with hydrochloric acid to give colortess amorphous of the title compound 
as hydrochloride. 

Working Example 113 

4-r4-ffE>-2-chloroethenvl1ben2enesulfonyl)-1-[l-f4-pvridvh-4-piperidylmethyl)-2-pipera2inQne hydrochloride 

[0455] According to a similar method described in Working Example 98. amorphous of 4-[4-[(E)-2-chloroethe- 
nyl]benzenesulfonyl]-1-[1-(4-pyrldyl)-4-piperidylmethyI]-2-pipera2inone was obtained from 1-[1-(tert-butoxycarbonyl)-4- 
plperidylmethyl]-4-[4-[(E)-2-chloroethenyl]ben2enesutfonyl)-2-pipera2inone. 

^H-NMR (CDCI3) 5: 1.15-1.42 (2H, m), 1.60-1.76 (2H, m), 1.82-2.08 (1H. m). 2.73-2.92 (2H, m). 3.27 (2H. d. 
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J=7.4Hz). 3.28-3.50 (4H. m), 3.73 (2H, s), 3.80-3.95 (2H, m), 6.&4 (2H. a, J=4.8H2). 6.79-6.94 (2H. m). 7.4B (2H, 
d, J=8.5H2). 7.75 (2H. d, J=8.5Hz). 8.22 (2H, br). 

[0456] A part of the product was treated with hydrochloric acid to give colorless amorphous of the title compound 
5 as hydrochloride. 

Working Example 114 

4-f4-ethvlbenzenesulfonvlM-[1-f4-pvridvlV4-Diperldvlmethvn-2-pipera2inone hydrochloride 

10 

[0457] In ethanol (10 ml) was dissolved 1-[1-(4-pyridyl)-4-piperidylmethyI]-4-(4-vinylben2enesulfonyl)-2-plperazi- 
none (88 mg), and to the solution was added 10% palladium on carbon (30 mg). The mixture was vigorously stirred 
under hydrogen stream for 3 hours, and the catalyst was removed. The solvent was evaporated under reduced pres- 
sure, and to the residue were added ethanol and 4N hydrochloric acid in ethyl acetate. The mixture was concentrated 
15 under reduced pressure to give colorless amorphous of the title compound (100 mg). 

^H-NMR (DMSO-dfi) 5: 0.96-1.23 (2H. m), 1.22 (3H, t. J=7.5Hz). 1.55-1.73 (2H. m), 1.88-2,12 (1 m). 2.73 (2H. q, 
J=7.5H2), 3.00-3.23 (4H, m), 3.25-3.50 (4H. m), 3.57 (2H, s), 4.10-4.27 (2H, m), 7.17 (2H, d, J=7.4H2), 7,52 (2H. 
d, J=8.1Hz). 7.74 (2H, d, J=8.1HZ), 8.19 (2H, d. J=7.4Hz). 

20 

Working Example 115 

1 -[1 -(4-pvridylM-piperidvlmethvl)-4"/3-vinvlbenzenesulfonvl>-2-piperazinone hydrochloride 

25 [0458] In ethanol (10 ml) was dissolved 4-(3-ethynytbenzenesulfonyl)-1-[1-(4-pyridyl)-4-pipertdylmethyI]-2-pipera2i- 
none (40 mg), and to the solution was added Lindlar catalyst (40 mg). The mixture was vigorously stirred under hydro- 
gen stream for 5 days, and the catalyst was removed. The solvent was evaporated under reduced pressure, and 
precipitated crystals were washed with acetone-ether. 

[0459] A part of the crystals were treated with hydrochloric acid to give colorless amorphous of the title compound 
30 (35 mg) as hydrochloride. 

^H-NMR (DMSO-de) 5: 0.93-1.20 (2H, m), 1.50-1.70 (2H, m), 1.82-2.08 (1H, m), 2.96-3.20 (4H, m), 3.35 (4H, s), 
3.65 (2H. s), 4.08-4.25 (2H, m), 5.45 (1H, d, J=1 l.OHz), 6.04 (1H. d, J=1 7.6Hz), 6.90 (1H, dd. J=17.6, 1 1.OHz), 7.16 
{2H, d, J=6.9Hz), 7.58-7.78 (2H, m), 7.82-8.03 (2H. m), 8.19 (2K d, J=6.9Hz). 

35 

Working Example 116 

1-n-acetimidoy|- 4-hydroxv-4-piDeridvlmethvn-4-f7-chloro-2H-ben2opvran-3-sulfonvh-2-piperazinone hydrochloride 

40 [0460] According to a similar method described In Working Example 1 0, colorless amorphous of the title compound 
was obtained from 4-(7-chloro-2H-ben20pyran-3-sutfonyl)-1-(4-hydroxy-4-piperidylmethyQ-2-p!perazinone hydrochlo- 
ride. 

^H-NMR (DHSO-dg) 5: 1.45-1.75 (4H. m). 2.25 (3H, s), 3.15-4.40 (12H, m). 5.50 (2H. s), 7.07 (1H. d. J=:2.0Hz), 
45 7.21 (1H, dd, J=8.1. 2.0Hz), 7.49 (1H. d, J=8.lHz), 7.50 (1H, s), 8.67 (1H, brs), 9.24 (1H, brc). 

Working Example 1 17 

-amidino-4-hvdroxv-4-pipertdvlmethyl)-4-f7-chloro-2H-ben20Pvran-3-sulfonvn'2-piperazinone hydrochloride 

50 

[0461 ] According to a similar method described in Working Example 1 3, colorless amorphous of the title compound 
was obtained from 4-(7-chloro-2H-benzopyran-3-sulfonyl)-1-(4-hydroxy-4-piperidylmethyl)-2-piperazinone hydrochlo- 
ride. 

55 ^H-NMR (DHSO-dg) 5: 1.43-1.57 (4H, m). 3.1 0-3.70(1 OH. m), 3.79 (2H. s). 4.99 (2H, s). 7.07 (1 H. d, J=2.2Hz), 7.12 

(1 H, dd. J=:8.0, 2-2HZ), 7.25-7.40 (4H, m), 7.48 (1 H, d. J=8.0Hz). 7.49 (1 H. s). 
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Working Example 118 

4-f7-chloro-2H-benzoDvran-3-sutfonvlV1-f4-DroDionvloxv-1-(4-pvridvnpiperldln-4-vlmethvl]-2-DiD 

[0462] According to a sinnilar method described in Working Example 26, colorless crystals of the title compound 
were obtained from 4-{7-chloro-2H-benzopyran-3-sulfonyl)-1 -{4-hydroxy-1 -(4-pyridyl)-4-piperidylmethylJ-2-piperazi- 
none and propionic anhydride. 

^H-NMR (CDCI3) 5: M4 (3H. t, J=7.6Hz), 1.67-1.86 {2H. m), 2.24-2.40 (2H, m), 2.35 (2H, q. J=7.6Hz). 2.94-3.1 1 
(2H. m). 3.53 {4H, s), 3.58-3.72 (2H, m), 3.93 (2H, s), 4.03 (2H, s), 4.89 (2H. d, J=1.2H2). 6.65 (2H. d. J=6.6Hz). 
6.93 (1H, d, J=2.0H2). 7.01 (1H. dd, J=8.1. 2.0H2), 7.15 (1H. d. J=:8.1Hz), 7.29 {1H, s), 8.28 (2H. d. J=6.6Hz). 

Working Example 1 1 9 

4-f6-chloronaDhthanlene-2-sulfonyn-1-[4-methoxv-1-(4-Dvridvh-4-ptperidvlmethvn'2-Diperazinone 

[0463] To 1-{1-(tert-butoxycarbonyl)-4-methoxy-4-piperidylmethylJ-4-(6-chloronaphthan!ene-2-sulfonyl)-2-piperazi- 
none (1.15 g) were added 4N hydrochloric acid in ethyl acetate (10 ml) and ethanol (1 ml), and the mixture was stirred 
at room temperature for 1 hour. The reaction solution was concentrated, and the resulting crystals were filtered, washed 
with ethyl acetate-ethanol and dried to give 4-(6-chloronaphthanlene-2-sulfonyl)-1-[4-methoxy-4-piperidylmethyI]-2-pip- 
erazinone hydrochloride (980 mg). A solution of 4-(6-chloronaphthanlene-2-sulfonyl)-1-[4-methoxy-4-piperidylmethyl]- 
2-piperazinone hydrochloride (488 mg), chtoropyridine hydrochloride (180 mg) and triethylamine (0.558 ml) in ethanol 
(10 ml) was allowed to react in a sealed tube 150*C for 10 hours, and to the reaction solution was added ethyl acetate. 
The mixture was washed with 5% sodium carbonate solution and saturated brine, dried and concentrated, and the res- 
idue was purified with silica gel column chromatography (ethyl acetate: methanol containing 10% ammonia solu- 
tion=85: 15). Precipitated crystals were washed with ethanol-ether to give coloriess crystals of the title compound (363 
mg). 

^H-NMR (CDCIg) 5: 1.40-1.60 (2H, m). 1.61-1.77 (2H, m), 3.02-3.18 (2H. m), 3.20 (3H, s), 3.35-3.56 {6H. m), 3.56- 
3.66 (2H, m). 3.81 (2H, s), 6.59 (2H, d, J=6.7H2), 7,61 (1H, dd, J=9.0, 2.0Hz), 7.80 (1H, dd, J=8.8, 1.8Hz), 7.90- 
7.99 (3H, m), 8.23 (2H, d, J=6.7H2), 8.36 (1H, d. J=1.4Hz). 

Working Example 120 

4-f6-chlorQnaphthanlene-2-sulfonvn-l-[4-methanesulfonvlamlno-1-f4-pvridvh-4-Diperidvlmethvn-2-Dipera2]none 

[0464] According to a similar method described in Working Example 1 1 9. coloriess crystals of the title compound 
were obtained from 1 -[1 -(tert-butoxycarbonyl)-4-methanesulfonylamlno-4-plperidylmethyl]-4-(6-chloronaphthanlene-2- 
sutfonyI)-2-piperazinone. 

^H-NMR (CDCI3) 5: 1.36-1.60 (2H. m), 1.70-1.88 (2H, m), 3.02 (3H, s). 3.00-3.75 (12H, m). 6.74 (2H, d, J=6.2Hz), 
7.01 (1H, s). 7.74 (1H, d. J=8.2Hz), 7.90 (1H. d, J=8.2Hz). 8.06-8.34 (5H. m), 8.60 (1H, s). 

Working Example 121 

4-(7-chloro-2H-benzopyran-3-5ulfonyn-1-f4-methanesulfonvlaminQ-1-(4-Pvridvn-4-PiperidvlmethvlV2-prpera7inone 

[0465] According to a similar method described In Working Example 119, powder of the title compound was 
obtained from 1 -[1 -(tert-butoxycarbonyl)-4-methanesulfonylamino-4-piperidylmethyl]-4-(7-chIoro-2H-benzopyran-3-sul- 
fonyl)-2-pipera2inone. 

^H-NMR (DMSO-dg) S: 1.50-1.73 (2H, m). 1.80-2.00 (2H. m), 3.06 (3H. s), 3.11-3.75 {10H, m). 3.80 (2H, s). 4.99 
(2H. s). 6.79 (2H. d, J=6.4H2), 7.07 (1H, d, J=2.2H2), 7.11 (1H, brs), 7.12 (1H, dd, J=8.0, 2-2Hz), 7.48 (1H. d. 
J=8.0H2), 7.49 (1 H, s). 8.13 (2H. d, J=6.4Hz). 
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Working Example 122 

1-n-acetimidovl-4-methane5utfonvlamino-4-DlDeridvlmethvlV4-f7-chloro-2H-ben2 

hydrochloride 

5 

[0466] According to a similar method described in Working Example 10, colorless crystals of the title compound 
were obtained from 4-(7-chloro-2H-benzopyran-3-surtonyl)-1 -(4-methanesulfony!amino-4-piperidylmethyl)-2-pipera2i- 
none hydrochloride. 

10 ^H-NMR (DMSO-dg) 5: 1.55-2,10 (4H, m). 2.25 (3H. s), 3.08 (3H, s). 3,30-3.95 (12H, m), 4.99 (2H. s), 7.08 (1H. d. 

J=2.0Hz). 7.12 (1H, dd. J=8.1 . 2.0H2), 7.26 (1H, s). 7.49 (1H, d. J=8.1H2). 7.50 (1H. s), 8.59 (1H, brs), 9.18 (IH, 
brs). 

Working Example 123 

IS 

?-fN-f4-f4-f6-chloro-2-naphthanlenesulfQnylV?-oxQ-1-p iperazinvlmethvn-1-f4-Dvridvhisoninecotvna^ acetate 
hydrochloride 

[0467] To a solution of l-(tert-butoxycarbonyl)-4-[4-(6-chloro-2-naphthanlenesuJfonyl)-2-oxo-1-pipera2lny!me- 
20 thyljisonipecotk; acid (679 mg), glycine methylester hydrochloride (1 88 mg) and triethylamlne (0,209 ml) in acetonrtrile 
(20 ml) was added WSC (288 mg), and the mixture was stirred at room temperature overnight. The reaction solution 
was concentfBted under reduced pressure, and to the residue was added ethyl acetate. The mixture was washed with 
water and saturated brine, dried and concentrated, and the residue was purified with sltlca gel column chromatography 
(ethyl acetate) to give coloriess crystals of methyl 2-{N-[1 -(tert-butoxycarbonyO-4-[4-(6-chioro-2- naphthanlenesulfonyl)- 
25 2-oxo-1-pipera2lnylmethyl]lsonipecotyl]amino]acetate (574 mg), 

[0468] According to a similar method described in Working Example 119, 2-[N-[4-[4-(6-chloro-2-naphthanlenesul- 
fonyl)-2-oxo-1-piperazinylmethyl]-l-(4-pyridyl)isonipecotyl|amino]ethyl acetate was obtained using thus obtained 
methyl 2-[N-[1-(tert-butoxycart)onyl)-4-[4-(6-chloro-2-naphthanlenesulfonyl)-2-oxo-1-pipera2inylmethy!]tsonipe- 
cotyllamino]acetate. 

30 

^H-NfWIR (COCy o: 1.22 (3H. t. J=7,1H2), 1.55-1.78 (2H, m). 1.95-2.15 (2H, m), 3.00-3.18 (2H. m). 3.32-3.50 (4H. 
m). 3.52-3.68 (4H. m), 3.78 (2H. s), 3,96 (2H, d, J=5.4Hz). 4.07 (2H, q, J=:7.1Hz), 6.58 (2H. d, J=6.2H2), 6.77 (1H, 
br), 7.61 (1 H. dd, J=8.8, 1 .8Hz), 7.79 (1 H. dd, J=8.7, 1 .7Hz>. 7.90-8.00 (3H. m). 8.21 (2H. d. J=6.2H2), 8.36 (1H, s). 

35 [0469] A part of the pnDduct was treated with hydrochloric acid to give amorphous of the title compound as hydro- 
chloride. 

Working Example 124 
ate 

[0470] According to a similar method described In Working Example 123, coloriess crystals of the title compound 
were obtained from g-alanine ethylester hydrochloride instead of glycine methylester hydrochloride. 

45 

^H-NMR (CDCy 6: 1.21 (3H, t, J=:7.2Hz), 1.55-1.75 (2H, m). 1.90-2.05 (2H. m), 2.51 (2H, t, J=5.9H2), 2.94-3.10 
(2H, m), 3.30-3.65 (10H, m), 3.78 (2H, s), 4.08 (2H, q, J=:7.2Hz). 6.59 (2H, d, J=6.6H2), 6.66 (1H, t, J=5.7Hz), 7.62 
(IH, dd, J=8.9, 1,9H2), 7.79 (IH, dd, J=8.8. I.BH2), 7.92-8.00 (3H, m). 8.24 (2H. d, J=6.6H2), 8.36 (IH. d. 
J=1.4H2). 

50 

Working Example 125 

ethyl 4-('N-[4-[4-(6-chloro-2-nBphthanlenesulfonvO-2-oxo-1-pipera2lnvlmethvl)-1-f4-PvridvhisQnipecotyl1amino1butvrate 

55 (04711 According to a similar method described in Working Example 123. coloriess crystals of the title compound 
were obtained from ethyl 4-aminobutyrate hydrochloride Instead of glycine methylester hydrochloride. 

*H-Nr^R (CDCI3) 6: 1.24 (3H. t, J=7,2H2), 1.55-1.90 (4H. m), 1.92-2.10 (2H, m), 2.38 (2H. t, J=6.7H2), 2.98-3.14 
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(2H, m), 3.20-3.48 (6H, m). 3.55 (2H, s), 3.50-3.66 (2H. m), 3.77 (2H. s). 4.10 (2H. q, J=7.2Hz). 6.60 (2H. d, 
J=6.6H2), 6.70 (1H, t, J=4.9Hz), 7.61 (1H, dd, J=B.8, 2.0H2). 7.79 (1H. dd. J=B.6, 1.8Hz). 7.91-7.99 (3H. m), 8.24 
(2H, d, J=6.6Hz). 8.35 (1 H. d, J=1 .4H2). 

5 Working Example 126 

2- [N-[444'f6-chloro-2-naDhthanlenesulfo^vl^2-oxQ^1'Pipe^a2^nvlmethv1)>1■f4-pv^dvnisonipecotvl]am acid 

[0472] To a solution of ethyl 2-[N-[4-[4-(6-chloro-2-naphthanlenesutfonyl)-2-oxo-1-plpera2inytmethyl]-1-(4-pyr)- 
10 dyl)isonipecotyl]anafno]acetate hydrochloride (199 mg) in ethanol (5 ml) was added 1 N sodium hydroxide (0.6 ml), and 
the mixture was stirred at room temperature for 2 hours. To the reaction solution was added IN hydrochloric acid, and 
the neutrali2ed solution was concentrated. The residue was purified with CHP20 column chromatography (water: ace- 
tonitrile=70: 30) to give amorphous of the trtle compound (156 mg). 

15 ^H-NMR (DMSO-dg) 6: 1.20-1.40 (2H, m), 1.77-1.95 (2H, m), 2.75-2.93 (2H. m), 3.20-3.45 (6H. m). 3.45-3.75 (4H, 

m), 6.72 (2H. d, J=6.2H2). 7.75 (1H. dd, J=8.8. 2.2H2), 7.88 (IH. dd. J=8.8. I.8H2). 8.04-8.15 (3H. m). 8.20 (1H. d, 
J=8.8Hz). 8.26-8.35 {2H, m), 8.59 (1H, s). 

Working Example 127 

20 

3- [N-[4-[4-f6-chloro-2-naphthanlenesulfonvlV2-oxQ-1-piperazinvtmethyl]-1-f4-pyridylVisonipecotvnamino1prDDi acid 

[0473] According to a similar method described in Working Example 126, amorphous of the title compound was 
obtained from ethyl 3-[N-[4-[4-(6-chloro-2-naphthanlenesulfonyl)-2-oxo-1-pipera2inylmethyI]-1 -{4-pyridyl)isonlpe- 
25 cotyl]amino]propionate. 

^H-NMR (DMSO-dg) 6: 1,20-1.42 (2H, m), 1.80-2.00 (2H, m). 2.39 (2H, t, J=6,7H2). 2.65-2.85 (2H. m). 3.15-3.40 
(8H, m), 3.50-3.70 (4H, m), 6.73 (2H, d, J=6.5Hz). 7.75 (1H, dd, J=8.8, 2.2Hz), 7.84-7.96 (2H. m). 8.10 (2H, d, 
J=6.5Hz). 8.20 (1H, d, J=:8.8Hz). 8.25-8.34 (2H, m). 8.59 (1H. s). 

30 

Working Example 128 

4- [N-[4-[4-(6-chloro-2-naphthanlenesutfonvlV2'OXO-1-pipera2invlmethvllO-(4-pvridvlVisonipecotvllamino1butvri^ acid 

35 [0474] According to a similar method described in Working Example 126, amorphous of the title compound was 
obtained from ethyl 4-[N-[4-[4-(6-chloro-2-naphthan!enesutfonyl)-2-oxo-1 -piperazinytmethyl]-1 -(4-pyridyl)isonipe- 
cotyl]amino]butyrate. 

'H-NMR (DMSO-de) 5: 1.20-1.46 (2H, m). 1.50-1.75 (2H, m), 1.80-2.05 (2H, m). 2.20 (2H. t J=7.1H2). 2,70-2.90 
40 {2H, m), 2.95-3.80 (12H, m), 6.79 (2H. d, J=6.0H2). 7.76 (1H, dd, J=8.9, 1.9H2), 7.82-7.94 (2H. m), 8.12 (2H. br). 

8.21 (1 H, d. J=8.6H2), 8.25-8.37 (2H, m), 8.60 (1 H, s). 

Working Example 129 

45 1-[4-ben2vloxvcartaonvlamino-1 -(4-pvridvn-4-piperidvlmethvll-4-(6-chloronaphthanlene-2-sulfonvlV2-piperazinon8 

[0475] According to a similar method described in Working Example 1 1 9, amorphous of the title compound was 
obtained from 1 -[4-benzyloxycarbonylamino-1 -(tert-butoxycarbonyl)-4-piperidylmethyll-4-(6-chloronaphthanlene-2-sul- 
fonyl)-2-plperazlnone. 

50 

'H-NMR (COCI3) 5; 1 .55-1 .80 (2H. m), 1 .80-2.05 (2H, m). 2.85-3.05 (2H, m). 3.15-3.33 (4H. m). 3.45-3.62 (2H, m), 
3.66 (2H, s). 3.77 (2H, s), 4.60 (1H. s), 5.04 {2H. s), 6.60 (2H, d, J=6.3Hz). 7.30-7.45 (5H, m), 7.61 (1H, dd, J=8.9, 
1.9Hz), 7.76 (IH. dd, J=8.7. 1.7Hz). 7.88-798 (3H, m), 8.25 {2H. d, J=6.3Hz), 8.34 (1H, s). 

55 
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Working Example 130 

methyl 2-f4-amidinoDhenvn-2-f4-f6-chloronaphthanlene-2-sulfonvh-2'OXO-1-DiDerazinvl]acetate hydrochloride 

[0476] According to a similar method described in Working Example 4, colorless crystals of the title compound 
were obtained from methyl 2-{4-(6-chloronaphthanlene-2-sulfonyl)-2-oxo-l-pipera2inyI]-2-(4-cyanophenyl)acetate. 

^H-NMR (DMSO-dg) 6: 2.80-3.BO (10H, m). 7.45-8.05 (6H. m), 8.05-8.30 {3H, m). 8.40 (1H, s), 9.19 (2H. brs), 9.44 
(2H, brs). 

Working Example 131 

4-f6-chloronaDhthanlene-2-sulfonvn-1-f4-(1H-lmida2ot-1-vnbenzvl)-2.6-prDera2inediDne 

[0477] To a solution of 4-(6-chloronaphthanlene-2-sulfonyl)-2,6-pipera2inedione (136 mg), 4-<1 H-imidazol-l- 
yObenzylalcohoI (70 mg) and trlphenyfphosphine (157 mg) in THF (10 ml) was added dropwise at 0**C a solution of die- 
thyl azodicarboxylate (104 mg) in THF (2 ml), and the mixture was stin-ed at 0**C for 2 hours. The reaction solution was 
concentrated under reduced pressure, and precipitated crystals were washed with water and ether to give colorless 
crystals of 4-(6-chloronaphthanIene-2-sutfonyl)-2.6-piperazinedione (175 mg). 

^H-NMR (CDCI3) 5: 4.19 (4H. s), 4,58 (2H, s). 7.16-7.25 (4H, m), 7.33(2H, d, J=8.4Hz), 7.62 (1H, dd, J=9.2, 2.2H2), 
7.73-7,82 (2H, m). 7.87-7.99 (3H. m), 8.34 (1H, s). 

Working Example 132 

1 -(4-amidinobenzvn-4-f6-chloronaphthanlene-2-su}fonvlV1 .4-diazeDan-2-one hydrochloride 

[0478] According to a similar method described in Working Example 4, colorless crystals of the title compound 
were obtained from 4-(6-chloronaphthanlene-2-suJfonyl)-1-(4-cyanobentyl)-1.4-dIa2epan-2-one. 

^H-NMR (DMSO-d€) 5: 1,64 (2H, br), 3.35-3.50 (4H, m). 4.16 (2H, s), 4.54 (2H. s), 7.38 (2H. d, J=8.2H2). 7.68-7.78 
(3H: m). 7.86 (1H. dd, J=8.8, I.8H2), 8.17 (IH, d, J=8.BH2), 8.22-8.31 (2H. m). 8.57 (1H, s), 9.04 (2H, brs), 9.32 
(2H. brs). 

Working Example 133 

4-(6-chloronaphthanlene-2-sulfonvlV1-f4-MH-lmida2ol-1-vnbenzvl)-1.4-diazepan-2-one 

[0479] According to a similar method described in Working Example 17, colorless crystals of the title compound 
were obtained from N-(6-chIoronaphthanlene-2-sulfonyl)propylenediamine hydrochloride and 4-(1H-lmidazol-1-yl)ben- 
zatdehyde. 

^H-NMR (CDCI3) 5: 1.65-1.80 (2H, m), 3.31-3.40 (2H, m), 3.57 (2H. t, J=6,0Hz). 4.19 (2H, s), 4.46 (2H, s), 7.17- 
7.25 (6H, m), 7,59 (1H, dd, J=8.8, 2.2H2), 7.79-7.90 (5H, m), 8.43 (1H, s). 

Working Example 1 34 

1 -f6-chloronaDhthanlene-2-sulfonvn-4-[l -(4-pyridvn-4-p]Deridvlmethvn-1 ,4-diazeDan-5-one hydrochloride 

[0480] According to a similar method described in Working Example 119, l-(6-chloronaphthanlene-2-sulfonyl)-4- 
[1-(4-pyridyl)-4-piperidylmethyl]-1,4-diazepan-5-one was obtained from 4-[1-(tert-butoxycarbonyl)-4-piperidylmethyt)-1 - 
(6-chloronaphthanlene-2-sulfonyl)-1,4-diazepan-5-one. A paa of the product was treated with hydrochloric acid to give 
amorphous of the title compound as hydrochloride. 

^H-NMR (DMSO-dg) 5: 0.95-1 .23 (2H, m). 1.55-1 .75 (2H, m). 1.80-2.05 (IH, m). 2.63-2.76 (2H. m), 2.97-3.20 (4H. 
m). 3.20-3.35 (4H. m). 3.50-3.65 (2H, m), 4.05-4.25 (2H. m), 7.16 (2H, d, J=:7.6H2). 7.73 (1H. dd. J=8.9. 1.9Hz), 
7.83 (1H, dd, J=8.7. 1.9Hz). 8.13-8.32 (5H. m), 8.52 (1H. d, J=1.4Hz). 
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Working Example 135 

4-f1 -acetimidovt^-pipericlvlmethvlM -(6-chloronaDhthanlene-2-sutfonvn-1 .4-dl6izeDin-5-one hydrochloride 

5 [0481] According to a similar method described in Working Example 10, amorphous of the title compound was 
obtained from 1-(6-chloronaphthanlene-2-sutfonyl)-4-{4-piperidytmethyt)-1 .4- diazepin-S-one hydrochloride. 

^H-NMR (DHSO-dg) 5: 0.95-1.30 (2H, m), 1.53-1.73 (2H, m). 1.73-1.95 (1H, m), 2.23 {3H, s), 2.63-2.74 (2H. m), 
2.90-3.20 {4H, m), 3.20-3.33 (4H, m), 3.44-3.61 (2H, m), 3.70-4.10 (2H, m). 7.73 (1H. dd, J=8.9, 2.1Hz). 7,83 (1H, 
10 dd, J=8.7, 1.9Hz), 8.17 (1H. d. J=8.BHz), 8.23-8.30 (2H, m), 8.51 (1H, d, J=1.4Hz), 8.59 <1H. brs), 9.17 (1H, brs). 

Formulation Example 1 

[0462] For example. FXa inhibitor (e.g., a pharmaceutical composition for treating deep vein thrombosis, cerebral 
15 Infarction due to atrial fibrillation or auricular fibrillation, etc.) of the present invention, which comprises a compound of 
the formula (I) or a salt thereof as an active Ingredient, can be produced according to the following formulations: 

1. Capsule 

20 [0483] 



(1) Compound obtained in Working Example 16 


40mg 


(2) lactose 


70m g 


(3) fine crystalline cellulose 


9m g 


(4) magnesium stearate 


1mg 




ckpsule 




120mg 



(1), (2), (3) and 1/2 of (4) are mixed and then granulated. To the granules is added the remainder of (4), and the whole 
35 is filled into a gelatin capsule. 

2. Tablet 

[0484] 

40 



(1) Compound obtained in Working Example 1 6 


40mg 


(2) lactose 


58mg 


(3) com starch 


I8mg 


(3) fine crystalline cellulose 


3.5mg 


(5) magnesium stearate 


0.5mg 




tftblet 




120mg 



(1). (2), (3), 2/3 of (4) and 1/2 of (5) are mixed and then granulated. To the granules are added the remainders of (4) 
55 and (5). followed by subjecting the mixture to compression molding. 
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Formulation Example 2 

[0485] Compound obtained in Working Example 16 (50mg) is dissolved in distilled water for injection (Japanese 
Pharmacopoeia) SOmI, and to the solution is added the distilled water to make the whole volume 100ml. The solution is 
5 tittered under sterile conditions. Each 1ml of the solution is filled into a vial for injection under sterile conditions, sub- 
ejected to treeze-drying and kept airtight. 

Experimental Example 1 

10 (1 ) Inhibitory effect on human activated coagulation factor X (FXa) 

Method: 

[0486] In 0.05M Tris-HCI buffer solution (pH 8.3) 225^1 containing 0.1 45M sodium chloride and 2mM calcium chlo- 
15 ride, test compound dissolved in dimethyls ulfoxide 5\i\ and human FXa (0.3 unit/mi) lOnl were reacted at 37°C for 10 
minutes. To the reaction solution was added substrate (3mM, S-2765) lOjil and the mixture was further reacted at37**C 
for 1 0 minutes. To the reaction solution was added 50% acetic acid aqueous solution 25^1 to stop the reaction. 
[0487J ICgQ values (concentration of the test compound which inhibits 50% of FXa activity) were calculated by 
measuring change of absortaance at 405 nm with microplate reader. 

20 

(2) Measurement of in vitro blood coagulation time 
(2-1) Measurement of prothrombin time (PT): 

25 [0488] Using PT-Test Wako (Wako Pure Chemical), coagulation time was measured with automatic measuring 
apparatus of coagulation time (STA compact, DIAGNOSTICA STAGO). To human normal plasma (fresh human plasma: 
FFP; Sekisui Kagaku Kogyou) 97iiJ was added test compound dissolved in dimethylsulfoxide (DMSO) 3\i\, and the mix- 
ture was heated at 37*0 for 4 minutes. To the above plasma 50^1 was added thromboplastin derived from rabbit brain 
1 00 ^l, and coagulation time was measured. 

30 [0489] Concentration prolonging coagulation time twice was calculated based on coagulation time when DMSO 
was added instead of test compound. 

(2-2) Measurement of activated partial thromboplastin time (APTT): 

35 [0490] Using a clinical assay kit, STA-APTT-LT (DIAGNOSTICA STAGO), coagulation time was measured with 
automatic measuring apparatus of coagulation time (STA compact, DIAGNOSTICA STAGO). To human norma! plasma 
(fresh human plasma: FFP; Sekisui Kagaku Kogyou) 97\i\ was added test compound dissolved in dimethylsulfoxide 
(DMSO) 3\i\ and further added activated partial thromboplastin 50^il per plasma 50^1, and the mixture was heated at 
37*0 for 4 minutes. To the mixture was added 20 mmol/l CaClj solution 50|il, and coagulation time was measured. 

40 [0491] Concentration prolonging coagulation time twice were cak:ulated based on coagulation time when DMSO 
was added instead of test compound. 

(2-3) Measurement of thrombin time (TT): 

<5 [0492] Coagulation time was measured with automatic measuring apparatus of coagulation time (Biomatic BIO, 
Sarstedt), Thrombin derived from human plasma (Sigma) was dissofved In distilled water to give a 2.3 NIH units/ml 
solution. To human normal plasma (fresh human plasma: FFP; Sekisui Kagaku Kogyou) 97p.l was added test com- 
pound dissoived in dimethyl-sutfoxide (DMSO) 3^1. and the mixture was heated at 37*C for 3 minutes. To the above 
plasma 1 OOul was added thrombin solution 200\i\, and coagulation time was measured. 

50 [0493] Concentration prolonging coagulation time twice was calculated based on coagulation time when DMSO 
was added Instead of test compound. 

(3) Measurement ex vivo blood coagulation time (mouse) 

55 (3-1) Intravenous Administration: 

[0494] Male ICR mice (25 - 35g. Sk:) were employed. Test compounds 5 ml/kg were administered once to these 
animals through tall vein, under anesthesia with sodium pentobarbital (50 mg/kg, l.p.). Five minutes after administration, 
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blood 0.8 ml was collected from abdominal aorta using 3.8% trisodium crtrate (whole blood : trisodium citrate solution 
= 9: 1 by volume). The trisodium citrate supplemented blood was centrifuged at 3000 rpm for 15 minutes to obtain 
plasma. To the plasma 50nl was added thromboplastin derived from rabbit brain 1 0OpI, and coagulation time was meas- 
ured with automatic measuring apparatus of coagulation time (STA compact, DIAGNOSTICA STAGO) using PTTest 
Wako (Wako Pure Chemical). 

[0495] Test compounds were dissolved in physiological saline, and as control, physiological saline was adminis- 
tered instead of test compounds. Activity of each test compound was shown in ratio (%) determined by comparing 
coagulation time of test compound group with that of control group. 



(3-2) Oral Administration; 



[0496] Male ICR mice (25 - 35g, Sic) fasting for more than 12 hours were employed. 

[0497] Test compounds 5ml/kg were orally administered to these animals. One hour after administration, blood was 
collected from abdominal aorta under anesthesia with sodium pentobarbital (50 mg/kg, l.p.). 

[0498] Test compounds were suspended in 0.5% methyfcellulose, and as control. 0.5% melhyteellulose was admin- 
istered Instead of test compounds. The other conditions are the same as the above described experiment (Intravenous 
Administration). 



(4)1 n vivo antithrombotic activity measurement 
(4-1 ) Arteriovenous Shunt Method (rat): 

[0499] Method of Umetsu et al. (Thromb. Haemostas., 39: 74-B3. 1 978) was carried out. Using male SO rats, under 
anesthesia with sodium pentobarbital (50 mg/kg, i.p.). e)rtra-corporeal circulation system made of polyethylene tube to 
which silk thread was inserted was prepared between the right carotid artery and the left jugular vein. In crderto prevent 
the blood from coagulating, a physiologcal saline containing heparin (50 U/ml) was filled in the tube. The blood vras cir- 
culated for 15 minutes, and wet weight .of thrombus attached to the silk thread was measured. Test compounds were 
orally or intravenously administered to these animals. When administered orally. Test compounds were suspended in 
0.5% methyl-cellulose and Test compounds 5ml/kg were orally administered to fasting animals 2 hours before starting 
the experiment, and as control, 0.5% methylcellulose was administered instead of test compounds. When administered 
Intravenously. Test compounds 1 ml/kg volume were administered through tall vein 5 minutes before starting circulation. 
Test compounds were dissolved in physiological saline, and as control, physiological saline was administered Instead 
of test compounds. Antithrombotic activity (%) of each test compound was determined by comparing wet weight of 
thrombus of test compound group with that of control group 



(4-2) Rat abdominal cava partial ligation model 



[0500] Male Sprague-Dawley rats (250-400g. Nippon Clea) were employed. Abdominal thrombus model was car- 
ried out with modifying method of Finkle et al. (Thromb. Haemostas., 29, 431-438, 1998). Under anesthesia with 
sodium pentobarbital (50 mg/kg, i.p.), abdominal cava of the rat was carefully detached. Thereafter, all of the bifurcatios 
between bifurcation of the renal vein of abdominal cava and 1cm downstream therefrom was tigated with threads. Bal- 
loon catheter (Fogarty 2F, Baxter) was inserted from left femoral vein, and the portion between two threads was injured 
thrice with balloon containing 200-300ml of air. Balloon catheter was removed, and thread on bifurcation of the^renal 
vein were tied together with 26G needle and the needle was removed to prepare partial ligation. Another thread was 
tied 30 minutes later, and thrombus formed between these two threads was carefully extracted. Wet weight of thrombus 
was measured with analytical balance having windshield (BP110S, Satorius). In addition, from abdominal cava blood 
2ml was collected with using 1/10 volume of 3.8% sodium citrate (Cltral. Yamanouchi Pharmaceutical Co., Ltd.) and 
centrifuged at 3000 rpm for 10 minutes to give poor platelet plasma (PPP). Test compounds were orally or intravenously 
administered to these animals. When administered orally. Test compounds were suspended In 0.5% methyl-cellulose 
and Test compounds 5ml/kg were orally administered to fasting animals 2 hours before starting the experiment, and as 
control, 0.5% methylcellulose was administered instead of test compounds. When administered intravenously, Test 
compounds 1 ml/kg volume were administered through tail vein 5 minutes before starting partial ligation. Test'com- 
pounds were dissolved in physiological saline, and as control, physiological saline was administered instead of test 
compounds. Activity (%. inhibition rate of thrombus formation) of each lest compound was determined by comparing 
wet weight of thrombus of test compound group with that of control group. 
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5. A compound according to claim 1 . wherein is an aryl group optionaity substituted with a halogen atom or a Cg. 
4 atkenyl. 

6. A compound according to claim 1 , wherein is a benzopyranyl group optionaliy substftuted with a halogen atom. 

5 

7. A compound according to claim 1 , wherein the ring A Is a group of the fonnula: 



10 




15 

wherein n Is 1 or 2 and m is 2 or 3. 

8. A compound according to claim 1, wherein X' Is an alkylene chain optionally substituted with 1-3 substituents 
20 selected from the class consisting of an optionally substftuted lower aikyi group, an optionally substituted car- 
bamoyl group, cyano group, hydroxy group and an optionally esterified carboxyl group. 

9. A compound according to claim 1 , wherein Y is an optionally substituted divalent cyclic hydrocarbon group, and 2 
is an optionally substituted amino group or an optionally substituted imidoyi group. 

25 

10. A compound according to claim 1 , wherein Y is an optionally substituted divalent heterocyclic group. 

11. A compound according to claim 1 , wherein Y is an optionally substituted divalent heterocyclic group, and Z is an 
optionally substituted nitrogen-containing heterocyclic group. 

30 

12. A compound according to claim 1, wherein Y is an optionally substituted phenylene. 

13. A compound according to claim 1, wherein Y Is an optionally substituted piperidine residue. 
35 14. A compound according to claim 1 , wherein Z is an optionally substituted amidino group. 

15. A compound according to claim 1 , wherein Z is an optionally substituted nitrogen-containing heterocyclic group. 

16. A compound selected from the class consisting of 1-(4-amidinobenzyl)-4-(6<h!oronaphthanlene-2-sulfonyl)-2- pip- 
'io erazinone, 1 -(4-amidinoben2yl)-4-{7-chloro-2H-benzopyran-3-sutfonyl)-2-pipera2inone, 4-(6-chloronaphthanlene- 

2-sulfonyl)-1-[l-(4-pyridyl)piperidin-4-ylmethyl]-2-piperazinone, 4-(7-chloro-2H-benzopyran-3-sutfonyl)-1-[1-(4- 
pyridyl)piperidin-4-ylmethyl]-2-plpera2lnone, l-[1-(4-pyridyl)piperidin-4-y1methyl]-4-{4-vlnylben2enesulfonyl)-2-pip- 
erazinone, 4-(6-chloronaphthanlene-2-sutfonyl)-l -[4-hydroxy-1 -(4-pyridyl)piperidin-4-yImethyl)-2-pipera2inone, 4- 
{7-chloro-2H-ben2opyran-3-sulfonyl)-1 -[4 -hydroxy- 1-{4-pyridyl)ptpertdin-4-ylmethy)]-2-piperazlnone and 1 -[4- 
45 hydroxy- 1 -(4 -pyridyl)piperidin-4-ylmethyl)-4-(4-vinylbenzenesutfonyl)-2-pipera2inone, or a salt thereof. 

17. A pro-drug of the compound as claimed in claim 16 or a salt thereof. 

18. A pharmaceutical composition comprising the compound as claimed In claim 1 or a salt thereof. 

50 

19. A composition of claim 18, which is an anti-coagulant. 

20. A composition of claim 1 8, which is an inhibitor of activated coagulation factor X. 

55 21 . A composition of claim 1 8, which is for the prevention or treatment of nr;yocardiaI infarction, cerebral thrombosis or 
deep vein thrombosis. 

22. Use of the compound as claimed in claim 1 or a salt thereof for manufacturing an anti-coagulant. 
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23. Use of the compound as claimed in claim 1 or a salt thereof for manufacturing an inhibitor of activated coagulation 
factor X. 

24. Use of the compound as claimed in claim 1 or a salt thereof for manufacturing a pharmaceutical composition for the 
prevention or treatment of myocardial infarction, cerebral thrombosis or deep vein thrombosis, 

25. A method for Inhibiting coagulation in a mammal which comprises administering to said mammal an effective 
amount of the compound as claimed in claim 1 or a satt thereof, 

26. A method for inhibiting activated coagulation factor X in a mammal which comprises administering to said mammal 
an effective amount of the compound as claimed in claim 1 or a salt thereof. 

27. A method for preventing or treating cardiac Infarction, cerebral thrombosis or deep vein thrombosis in a mammal 
which comprises administering to said mammal an effective amount of the compound as claimed in claim 1 or a 
salt thereof. 

28. A method for producing the compound as claimed in claim 1 or a salt thereof 
by reacting a compound of the formula: R^S02Q 

wherein Q Is a halogen atom, and the other symbol is as defined in claim 1 or a salt thereof 
with a compound of the formula: 




wherein each symbol is as defined in daim 1 or a salt thereof; producing the compound as claimed in claim 1 or a 
salt thereof by reacting a compound or a satt thereof represented by the formula: 




wherein each symbol Is as defined in claim 1 with a compound or a salt thereof represented by the formula: 

Q^-X'-Y-X-2 

wherein is a halogen atom or a group of the formula: R^-SOg-O-lwherein is a lower alkyi group optionally 
substituted with a halogen atom or an optionally substituted phenyl group), and the other symbols are as defined 
in claim 1; 

producing a compound or a salt thereof represented by the formula: 
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R 



J /\CH — X3. 

I. 



Y-X-Z 



wherein each symbol is as defined above by subjecting a compound or a salt thereof represented by the formula: 



20 



2S 



30 



.1 O^c^O 



'CO— X^— Q2 



R3 

X^— Y-X-Z 



wherein and X'* are respectively an optionally substituted alkylene chain, is a chemical bond or an optionally 
substituted alkylene chain, is a hydrogen atom or an optionally substituted hydrocarbon group, is a halogen 
atom or a group of the formula: R^-SOg-O- (wherein R^ is a lower alkyi group optionally substituted with a halogen 
atom or an optionally substituted phenyl group), and the other symbols are as defined in claim 1 to ring closure 
reaction; 

producing a compound or a salt thereof represented by the formula; 



—X6— Y-X-Z 




45 



wherein a combination of a broken line and a full line is a single bond or a double bond, and the other symbols are 
as defined above by subjecting a compound or a salt thereof represented by the formula: 



R— S^H— X5— CON^ 



X6— Y-X-Z 



50 wherein X^ is an optionally substituted alkylene chain, X^ is a chemical bond or an optionally substituted alkylene 
chain, R^ is a lower alkyt group, and the other symbols are as defined in claim 1 to ring closure reaction, and if 
desired, subjecting the obtained product to reduction; 

producing the compound as claimed in claim 1 or a salt thereof by reacting a compound or a salt thereof repre- 
sented by the formula: 
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